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INTRODUCTION 


RESEARCH ON ALKALOIDS, IN RETROSPECT AND IN PROSPECT 


A. R. BATTERSBY 


Department of Organic Chemistry, The University. Bristol 


IN considering an introduction to this Symposium on New Developments in Alkaloid 
Chemistry, it is right that one’s mind’s eye should be cast back to look at the contri- 
bution which research on alkaloids has made to the development and vigour of 


organic chemistry. With pure alkaloids available almost from the start of our science, 


and with several of them having useful medicinal properties, it is not surprising that 


they attracted the interest of many great chemists of those times. Indeed, during the 


classical period of organic chemistry, outstanding contributions to the chemistry of 
these plant bases were made by Pictet, Perkin, Robinson, Pschorr, Wieland, Willstatter, 
Karrer, Windaus, Schépf, Spaith and Leuchs. These men were followed, or joined, by 
many eminent chemists in the 1925-1945 period. The influence which their efforts has 


had upon organic chemistry as a whole is immense. Perkin’s attempts to synthesize 


quinine whichaccidentally gave rise tothe synthetic dye industry; Willstatter’s work on 


the tropane alkaloids which led to many valuable discoveries including cyclo-octate- 


traene; Pschorr’s phenanthrene synthesis as a direct result of structural work on 


morphine; the development of important ideas concerning biosynthesis which grew 


alongside, and in many cases as a result of, increasing knowledge of the structure of 


alkaloids. The list could be extended but it will suffice to mention the wealth of 


knowledge concerning properties and reactions which these studies added tothe harvest 


from other fields. Some decline in research effort on the alkaloids occurred during the 


ten years or so before the middle nineteen forties, but this has been followed by a great 


expansion in interest and activity which at the present time shows no signs of slacken- 


ing. This has occurred partly because many of the large pharmaceutical companies 


have joined in the search for new alkaloids and in the study of their structures, no 


doubt stimulated by the isolation! of reserpine (1). But this effort has been matched 


aboratories where 


by an upsurge of interest and enthusiasm in many academic 


chemists have been attracted by the fascinating problems of structure, stereochemistry, 


and synthesis in this field. 
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With all this activity directed towards the alkaloids, it is satisfying to find that this 
period has been an outstandingly successful one. In giving examples of the progress 
achieved, it must be stressed that the following pages are intended to be illustrative 
rather than in any way to give a complete survey. Indeed, if such a survey were 
attempted, the introduction might well fill several issues 

veral groups of alkaloids of unknown nature were left to us by earlier generations 
roups represented some of the major unsolved structural 
edge of these groups have been 
ve structures revealed are too 
success with the know! 
For example, there hi 
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vr 
can be elucidated by degradation combined with the extensive use of physical methods 
and a full application of present knowledge of reaction mechanisms 

Because of their inaccessibility and awkward properties, the quaternary alkaloids of 
calabash curare have for long appeared in the literature as partial structures showing 
only fragments of the molecules. Recently, the sti of the key compounds, 
C-dihydrotoxiferine-I* (VIIL: R H) and (VIII; R OH) have been 


determined and they are seen to be representatives of a new class of natural products, 


the dimeric indole alkaloids. With these structures led, the way has been opened to 


further structures in this complex group of alkaloid he Symposium includes an 
account of the work leading to the structure « h t cl alline calabash curare 


alkaloid to be isolated, C-curarine-l. Work ‘ding ay ‘ther dimeric 


indole alkaloids, including geissospermine (see 113) in which wo “halves” are 


h } 
nat used in the ca 


linked in a way Terent from 
There is little doubt that the direct X-ray crystallographic method for determination 
‘ 


of structure will be used to a steadily 1 extent in natural product work. This 


iS particularly sO 1 alkalox Is SO readily 


introduced. Already this technique has yielded the s ctures of the rearranged diter- 


pene alkaloids of the lycoctonine type gel n (IX) aspidospermin (X), and 
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calvcanthine™ (XI). These bases have all been extensively studied by the degradative 


approach which, in two of the c giv virtually simultaneously the same 


structure 


ck gant 


xperiments 
is has also 


aimaline™ 
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structures have been found in the calabash curare group.” New alkaloidal types have 
been found in Jabernathe iboga™ and Voacanga africana™ and the structure of 
ibogaine” (XVIII) shows the unusual seven-membered ring C which characterises this 
group of bases. Stull further new types which lack the “tryptamine’’side-chain have 
been isolated from Aspidosperma plants. Examples are uleine® (XIX) and ellipticine*® 


(XX) 


CH.OH 


oline seric¢ el lou ess | the Erythri 
eading to man tructure el lat s, including ery ine (XXI) anc 
ne (XXII). Elsewhere in t I new structural types are still appearing 
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Also, several simple isoquinoline alkaloids, protober- 


accomplished 


“ik iloids 
es Of morphine 


(1) 
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ralanthamine (XLV), 


the use of radioactive 
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that the breakthrough has been made and 
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What of the future? There seems to be no sign that all the new structural types of 
alkaloids have been found. Many new alkaloids will be based upon known skeletons 
but completely new types are being steadily discovered and my hope and expectation 


MeO 
NHAc 


N MeO 
N 
Me 
N 
MeO MeO 
Un 

xX AAYV 
is that this will continue. Thus the prospect seems to be one of increased activity in 
surveying plants for alkaloids followed by a more rapid determination of the structures 
of the bases obtained. Without question there will also be a great effort put into the 
study of alkaloid biosynthesi Synthesis in the laboratory presents many challenges 
and lycorine (XII), haemanthamine (XII1), and ajmaline (X VJ) all have feat s whicl 
should attract skill and effort. Ifa still greater challenge is required, then aconitine (III) 


and cevine (VII) are available 


| hope that the foregoing paragraphs will have indicated the present flourishing 


state of alkaloid chemistry and also its bright future. It was these factors which 
sugge ted that a Symp sium on alkaloids would be timely and welcome. We have been 
fortunate in securing contributions from many of the outstanding workers in this field 
and it should be mentioned that an equally strong “team” of different contributors 
was available. This is indeed a healthy state of affairs. If the present Symposium is 
judged to add something of value to organic chemistry, then further Symposia might 
well be arranged in the future » that co itions from other “‘t may be 
collected together Comments will be welcomed 


THE SYNTHESIS OF COLCHICINE 
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Department o mistry, | vers of Wiscons Madison, Wisconsit 
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COLCHICINI incipal alkaloid of the autumn croct 1icum autumnale L.) was 
isolated and since then 


and medical 


st prominent, his findings having 
phenanthrene skeleton, 
central (B) ring was 


t the C-ring 


might be better regarded lon he pre structure Il was later con- 


firmed by chemical means as well as | ray studi ‘ more recently the absolute 


stereo-chemist! 


Historically ise of the a wm “is rooted in the myths and 


written records of anci lia and Greece, and runs its course through the 


ages into the world of today.’* Normally regarded as a highly poisonous substance, 


colchicine nevertheless serves as a medicinal agent. Apart from its long-standing use 


in the treatment of gout, the potential! of colchicine as an anti-cancer agent 1s note- 


worthy.’ The latter characteristic seems associated with the remarkable effect of the 


For a preliminary annou nent of 5 wo ¢ mer $1, 6341 (1959) 
ind j } wa Sta Ame lowa (1955) 
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Of the early chemical investigators, Windaus ts m« 
led him to propose in 1924 a complete struc ure (1), f 
for the alkaloid Some vears later, Cook discove! 
instead seven-membered* and at about the same time, Dewar urged thai! 
NH H. NH 
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substance on cell division at the mitosis stage, a property which also renders colchicine 
of use in the study of cell replication mechanisms. 


Although a relatively simple structure by present-day standards, and free from 


stereochemical complications, colchicine nevertheless has constituted for some time a 


serious problem in the field of total synthesis. The particular reasons for failure of the 


various attempts made during the past fifteen years are probably numerous and are not 


properly discussed here: but it may be safely stated that they were in general a conse- 


quence of the several unusual molecular features of colchicine, which individually 


would present no serious threat, but combined into a single structure, offer a unique 


challenge. During the latter half of 1959, sequences which constitute two total syn- 


theses of the alkaloid, similar in principle but different in detail, were announced. 


The first report of success was made by Eschenmoser er a/.!°, which disclosure was 


aboratory 


followed shortly by an announcement from this 


Our own interest in colchicine centered around the problem of constructing tropo- 


lone rings in complex systems. In connection with the general problem of a total 


synthesis, we were led, in examining the state of colchicine chemistry in 1956, to the 


conclusion that 2. 3,4-trimethoxy-benzocycloheptan-6-one (III) would serve well as a 


COC 
NHCOCH, 


Starting point for synthetic studies. That being the case, the general requirements were 


twofold: (a) attachment of a tropolonoid C-ring to the 5,6-position of III, and (b) 
insertion of a nitrogen function at the 7-positio1 Che second requirement might be 
faced first, and in that connection several attempts to convert the acetamido-trimeth- 
oxy-/$-benzosuberone IV"! to colchicine-like structures were made in this Laboratory, 
but without promise. Therefore, this implied order of events was abandoned, and 


efforts were made to transform ketone III to a specific key intermediate, the previously 


unknown desacetamidocolchiceine (V), into which the required nitrogen function 


would be introduced subsequently. Thus, the basic concept of this synthetic program 


may be represented by the summarized sequence i — V — I. 


1° J. Schreiber. W. Leimgruber, M. Pesaro, P. Schudel and A. Eschenmoser, Angew. Chem. 71, 637 (1959) 
! G. L. Buchanan and J. K. Sutherland, J. Chem. Soc. 2334 (1957) 
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SYNTHESIS OF DESACETAMIDOCOLCHICEINI 
Although a vari methods for building up tropolone rings has become available 
during the past decade or so,” it appears that none ol these is so general that it can be 
applied routinely to a given complex case. Experiences of many other workers along 
with finding sing from the present investigation, have demonstrated forcibly that 
type is beset with uncommon 
ch confronted us was append- 


material, the trimethoxy-/- 
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bromoacetic ester—all without success. To our knowledge, the cyanoethylation 
reaction discussed in detail below represents the single successful alkylation operation 
so far observed for the trimethoxy-/-benzosuberone anion. Such difficulty was seem- 


ingly not encountered with the methoxy-free system, i.e. /-benzosuberone itself.” 


Since the electrical effect of the ether substituents should not be of over-riding import- 


ance in C-5 alkylation, the reluctance of ketone III to enter into such reactions must be 


ascribed to direct steric interfer in the 4-methoxyl group (VIII), an effect invoked 


in connection with other 


CH.O 
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aspects of colchicine chemistry. 
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pattern of benzyl-type ketones would prevail, leading to bond formation at the 5-, and 
not the 7-position. This point of view is supported by the fact that, despite the presence 
of a significant excess of starting nitrile in the reaction medium, a mono-, and not a 
dicyanoethylated product was formed surely a consequence of steric interference 
operative in the environment of the 5-, but not the 7-position.” Nevertheless, as a 
guard against the unexpected, effort was expended to establish rigorously the structure 
of the cyanoethylketone LX, the starting material for the synthesis. On successive 
treatment with methanolic potassium hydroxide and acetic anhydride—sodium acetate, 


the cyanoketone was converted through the keto acid to the enol lactone, m p 104-105 


(—CO $:74 602 S by t ltr t absorption(7 
262 my 14,000), t c t tic ring 
only two structu XI h All. Formu- 
lation XI was 1 by its NMR | to the 
expected O-n ik « to 


inoket two the skeleton 
next t ntrod I pr nt 
When the cyanoket dD ed tot } ite 
th r¢ | | rat d 
a) 
Ve 
N 
x XIV 
more 
b effects 
4 ‘ ‘ 
‘T) it} M Jl. Wingende or 
the deter NMR D t NMR dy may ind in the B.S. Thesis 
or Rk. J. W 
W. E. Bact A. L. Wild Chem. S 62, 824 (1940) 


or d. 


14 VAN TAMELEN 


products formed were the 
and XIIIb (m.p. 145-146") 


variable 


weer. D. S. Avven, Jr. and R. L. Orvis 


ms cyanohydroxyesters XIlla (m.p. 119 119-5”) 


being predominant. 4 third product, formed in 


* On saponification with refluxing 
ters was converted to the 


i from XIIla melting at 83-88 


an acyloin ring closure became 
ion of which particular modifi- 
The simplest plan, 

nning. 

Even if 

supervene, 


te Dieckmann ring 


oup 


ction to de 


riva- 


solution was 


(2) 


the 
ation 
roxy 
iDst- 

of steric 


saponification, which 1s 


ia’dves 
the first 
methanolic potassiul vdroxide, each of the cyan 
corresponding hvdroxydiacid, the one (X1Va) derive 
ind t other (XIV! it 206—208° 
W th the DICVCHIC CI 1s X1Va and XIVb available 
a matter of practical interest; and there arose U juc : 
cation the diacia wi 1 De most ital ror tnis 
reversal to ring-B ketor reli tion to the Inss 
d "at 
t the acy for In fact. even under more nearly ideal 
ci e be format f a cyclic f-keto ester (XV) could not be entirely j 
Py de for d t protection of the hydroxyl 
tives appeared neither attractive nor expedient 4 somewhat different 
H.H G. A.B IR 
P 7 
4 
c——COOR — ~---COOR (1) 
COOR O=C Cc—-COOR |_| 
prod i ) 2 < r phenomeno was observed the present case. Cert 
h r of {rox s k ctated largely by the rate of sap 
rhoxy cid . i is not prone to further nee by process (1) or (2). In hig 
; tut es. thes ’ actions become of importance because, first each brings f 
decreased by reason oO! the same teric tactors * 


The synthesis of colchicine 15 


considered: deliberate dehydration to, and use of, the unsaturated diester. In this case, 
however, the geometry of the starting material might be unfavorable for ring closure, 
i.e. the ester groups might be trans (XVI) with respect to the double bond—in fact the 


more likely relationship in that hypothetical intermediate. Still another course of 


action Was acvioin 
substan 

cases” 

ring-C which w it’ 
auization Of le g. bromine or 
N-bromosuccinimide, retention of t xidation state represented | he original 
hydroxydiacid XIV we 


retained 


reactk 


Limited by the abo erations to a particul variant of the acyloin reaction, 


we next inquire into lt ore detailed 10sen system 


111) which bear 


on the practicabil { a rtal regard to general formation of 
hexahydrotropolones from pimelic este he simp lescribed by Cram” 
some years ago, although it should be admit at mor mplicated systems were 
reported later not to give the anticipated prod ’ asons whicl m not to be 
well understood. Although formation of cyclic acyloins by the ¢ sodium ona 
lactone ester had never been reported, there seemed to be in general no reason for 
discouragement from this direction 


However, a discrete reason for pause is given by the /-acyloxyester system included 


286 P. D. Gardner, G. R. Haynes and R. L. Brandon, J. Org. Chem. 22, 1206 (1957); ® N. A. Nelson and R. N. 
Schut, J. Amer. Chem. 5S 80. 6630 (1958) 
29 J. D. Knight and D. J. Cram, J. Amer. Chem. Soc. 73, 4139 (1951) 


‘ 
J 
AY AY 
; a simpler matter. 
One method remained by wl ( the troublesome tertiary o» ren Tunction can be 
Mu and protected, at the sa ti that 1 system 1s girded for ring-closure 
3 gun utilizing the lactone ester (XVIID 
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in structure XVIII. Since alkoxide anion is one of the products in the acyloin conden- 
sation, there arises the question whether this base could promote elimination to half 


acid ester (XIX), a development which would reduce considerably the yield of the 
desired tricarbocyclic product. Although a firm conclusion cannot be drawn, it seemed 


possible that initial carbon-carbon bond formation in the acyloin reaction would 


proceed at a greater rate than release ol alkoxide ion and/or elimination to XIX pro- 


moted by that base. Despite the fact that alkoxide appears as one ol the products 
during acvloin formation, a reaction characteristically brought about by this reagent, 
viz. t cetoacetic ¢ condensation, is usually not observed during a normal acyloin 
operation,” not even in cases whic! would favor that side reaction (e.g. formation of 
a five- or six-membered cyclic /-keto ester). The implied ratio of reaction rates thus 
suggests that other alkoxide dependent processes, such as the elimination of XVIII to 
XIX. are not obligatory under the conditions of th acyloin reaction 

Conformational aspects of the proposed cyclization also should be examined. 
Although the three-d ional relatior ps cannot be described exactly, the repre- 
sentations XX and XXI for the trans and cis fused isomers, respectively, are sufficiently 


accurate for present purposes It is clear that the ‘rans lactone ester 1S “frozen” in the 


conformation XX, whereas for the cis fused isomer, an alternative (XXI1) ts possible. 


In XXII, however, there 1s present a particularly severe steric interaction, the one 


involving ring-A and a ring-C axial hydrogen (both encircled), a factor rendering XXI 


the more likely expression for the normal state of the cis lactone. Now, in the initial 


phase of the acyloin reaction, it would appear that the two carbonyl groups (or their 


equivalents) approach each other within bond-forming distance while the ether 


oxygens remain intact. [he process thus amounts to the incipient formation of a 


(3.2.1) bicyclodéctane (XXIII), and, in conformance with all such cases, the atoms 


constituting the two-membered bridge must be axially bound to the bridgehead 


30S M. McElvain, Organic Reactions Vol. IV, p. 256. John Wiley, New York (1948) 
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carbons of the second, six-membered ring. It is apparent that the trans-fused lactone 


OR 
0 


XXIII 


ester is well-suited in this respect for acyloin formation, in that the acetic ester side 
chain is fixed in the required, axial position. The preferred conformation of the cis 
isomer (XX1) incorporates (in respect to the lactone ring) an equatorial acetic ester 
substituent, and in this state cannot cyclize; and if it is believed that conversion to the 
alternative XXII is infrequent, production of a ring ketol from the cis lactone seems 
unlikely. 

In order to prepare for the selected stratagem, efforts were made to transform the 
hydroxydiacids XIVa and XIVb into the lactone esters. Formation of the required 
substances proved, however, to be troublesome. The hydroxy diesters were resistant 
to cyclization, as were the starting diacids, under normal ring closure conditions. 
As a consequence, we became dependent on the facility of N,N’-dicyclohexylcarbo- 


diumide for dehydrations of this type freatment of either hydroxydiacid with the 


aforementioned reagent, followed by esterification with diazomethane, provided the 
corresponding lactone ester, XVIIla (m.p. 148-149") or XVIIIb (m.p. 150—150-5°).*” 

Subsequent to the considerations and conclusions presented above, a variety of 
acyloin ring closures on both lactone esters were attempted. In general two techniques 
were employed: use of a sodium dispersion in an inert hydrocarbon medium, or 
sodium in liquid ammonia.” After each run, assay for the presence of an «-ketol 
grouping was carried out by means of a sodium metaperiodate titration. In no case 
was any sensible amount of periodate-oxidizable material produced from the more 
plentiful lactone ester XVIIla. The action of sodium in liquid ammonia led to only a 


small amount of crystalline material, which appeared on the basis of its infrared 


spectrum to be a polyhydroxylic reduction product. Sodium in refluxing xylene con- 
verted lactone XVIIla to a mixture, from which, by chromatography, two new sub- 
stances were isolated. On the basis of analyses and spectral behavior, one of these was 


formulated as the cyclohexenone XXIV, arising through Dieckmann condensation, 


‘la J. C. Sheehan and G. P. Hess, J. Amer. Chem. Soc. 77, 1067 (1955); ° R. B. Woodward, F. E. Bader, 
H. Bickel, A. J. Frey and R. W. Kierstead, Tetrahedron 2, 1 (1958) 
2 Intermediate XVIlla was identical with the lactone encountered in the Reformatsky reaction already 


discussed 
% J.C. Sheehan and W. F. Erman, J. Amer. Chem. Soc. 79, 6050 (1957), and references cited therein. 
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dehydration and decarbomethoxviation. The second material, less well characterized, 


was tentatively regarded as the direct Dieckmann product, an unsaturated cyclic 


}-ketoester 
On being subjected to the action of sodium in xylene, the second lactone ester 


(XVIIIb) was converted to products which again failed to react with periodate and 
from which could be isolated only a small amount of ketone XXIV. I inally, when the 
sodium in liquid ammonia conditions were applied to the less available lactone ester, 


a wealth of new material was formed. On chromatography of non-acidic products, 


two of which 
e concluded 
d normal 
were 

led as diastereo- 
tructure XXVI, and 
t was confirmed 


ed with, moreover, 


tions and only on the iS! f the results of the acyloin 

ext nents X Villa is assigned t! ¢ vemistry X XI (cis), while 
er XVIIIb is to be rardec he w 1 type (XX). 

t major hurdle safely negotiated, we proceeded with the next leg in the 

thway. conversion the tetracyclic hemiketal (XXV) to desacetamido- 

Because selectivity in the dehydrogenation would be advisable, if not 


acid X1Vt one run, in which the pro- 
ce ( H,,O umed to be unsaturated 
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mandatory, the masked acyloin was oxidized first to the corresponding ketone XXVII 
(m.p. 203-204-5"), using cupric acetate in methanol.* In agreement with the presence 


of a strained five-membered ring ketone moiety in the assigned structure, a carbonyl 
band at 5-68 uw was located in the infrared. Despite the fact that the intermediate 
available at this stage was a dihydrotropolone, and ready conversion to the aromatic 


system might be anticipated, neither N-bromosuccinimide nor molecular bromide*®® 


»sroduced any detectable amount of tropolonoid product. Special stability is inherent 


in the bridged system of XX VII, and stepwise conversion to desacetamidocolchiceine 


was indicated. Alkoxide-catalyzed dehydration was unsuccessful; but it was found 


that p-toluenesulfonic acid in refluxing benzene served to dehydrate the hemiketal 


along desired lines. As indicated by ultraviolet spectral behavior, the resulting «,p- 


unsaturated diketone (XX VIIIa) exists principally as the enol XXVIIIb. The simplest 


version of aromatization is now possible; and indeed, the crude enedione, on being 


heated briefly with one equivalent of N-bromosuccinimide in chloroform, was easily 


tfamido 


transformed to desacetamidocolchiceine (V). Comparison with material of similar 


icine (see next section) showed the two sub- 


structure secured by degradation of colc! 


stances to be identical 


INTERCONVERSION OF COLCHICINE AND DESACETAMIDO 


In regard to the second phase of the synthetic program, the transformation of 
desacetamidocolchiceine to colchicine, it had always been evident that the required 
steps could best be managed as a relay operation Accordingly, while progress was 


being made in the first phase of the work, we began experiments designed to remove 


selectively nitrogen from the naturally-occurring system, with the ultimate purpose of 


using the desacetamidocolchiceine so produced for the completion of the remaining 


Steps in the total synthesis. 
Although deamination in the colchicine series had been reported by previous 


workers, the process was carried out only in cases involving a rearranged skeleton.*® 


Thus the immediate problem was the design of some procedure by which nitrogen 


might be removed, but without effect on the tropolone, or any other, portion of the 


ori and Y. Yak ma, Pri J nA 26, 38 (1950) 
1. F. Manske and H. L. Holmes, The A ds Vol. ll, p. 261 


'T. Nozoe, S. Seto, Y. Kitaha M. Kur 
See J. W. Cook and J. D. Loudon in R. | 
Academic Press, New York (1959) 
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molecule.” If ring-C is looked upon as aromatic then nitrogen is in a benzylic 


position and direct hydrogenolytic removal of that atom should be possible, as 1s the 


N(CH NICH.) 1 
— reduction, trimet chicinic acid (XXIX) | 
> e 
Ve Me 
be 
\ ‘ 
4 Un 
H, 
On 
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subjected to N-methylation conditions. Prolonged heating of the starting base with 
excess methyl iodide in dioxane brought the alkylation to the N,N-dimethyl stage, the 
hydroiodide of the tertiary base (XXX) crystallizing out of the reaction medium as the 
reaction proceeded.” Preparation of the quaternary salt (XXXI) by direct permethyl- 


ation of trimethylcolchicinic acid was not satisfactory, and therefore XXXI (m.p. 232 


235-5") was prepared by subjecting the free tertiary amine to the same conditions used 


for the initial N-methylation 


Only one method—but an eminently suitable one—for reductive deamination of 


the quaternary salt was investigated, catalytic (Pd-on-C) hydrogenolysis carried out 


in aqueous sodium hydroxide at room temperature 41 As a result of this treatment 


there was produced directly desacetamidocolchiceine, identical (as indicated before) 


with the material obtained by the purely synthetic route. The overall preparation from 
colchicine 1s readily executed, and by its means adequate amounts ol desacetamido- 
colchiceine were made available for the relay reactions described below 

[he proposed conversion of desacetamidocolchiceine to colchicine ts by and large a 
matter of selectivity ait wh a variety of reagents which might be suitable for 


¢ at the nec iry site can nder consideratior f the C-ring ts broadly 
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atom 
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serious problem. On the other hand, many of the 


either with nitrogen should 
i iffect other vulnerable spots in the tricyclic system, 


eT th indicated by as in formula XXXII 


LCTISAS 
ppeared particularly promising was 
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circumstance. The question of whether side chain halogenation might be possible in 
non-benzenoid aromatic cases had been answered in the affirmative, e.g. in that 2,6- 
dimethyl-y-pyrone was smoothly converted to the primary monobromide on treatment 
with the brominating agent.“ The analogy to the tropolone case is strikingly close. 
Moreover, the rate of the pyrone bromination seems to be greater than that of nuclear 
bromination of methoxyl-substituted benzenes,” suggesting that ring-B halogenation 
of desacetamidocolchiceine might be achieved without concurrent halogenation of the 
A- and C-rings. Encouraged by these considerations, we initiated experiments along 
these lines. Shortly thereafter, we learned from Dr. Eschenmoser that the desired 
selective bromination had been recently executed within his group,’ and we are 
indebted to him for providing us with information which facilitated our own endeavors 


in this direction 
[he complication of nuclear ring-C halogenation is best avoided by using tropolone 


methyl ether as the substrate. As expected, treatment of desacetamidocolchiceine with 
diazomethane afforded a mixture of the two possible methyl ethers, which was used as 
such in connection with some of the experiments described in this section. For satis- 
factory results in the bri tion step, however, an entity was highly desirable; and 
therefore the mixture of ethers was separated by fractional crystallization,” providing 
substances of m.p.s 149-150" and 183-184 In agreement with the findings of 
Eschenmoser, reaction of the lower-melting ether with N-bromosuccinimide under 
normal conditions, led to generation of the substitution product XXXIV (m p. 166 
halogen, in addition to a substance (m.p. 218-222” dec.) 


with inert—presumably aromatic—bromine. That the former substance possessed the 


assigned structure was proved—both in this Laboratory and at E.T.H by its conver- 


sion to colchicine. 


isplacement of 


Introduction of nitrogen into the tricyclic intermediate XXXIV by di 
bromine calls for, ideally, an anionic species in which basic character is outweighed by 
nucleophilic ability; in such a case, the undesirable elimination reaction to olefin can 
be suppressed, while the displacement to e substituted product is emphasized. 
[hese requirements are met well by azide ion, which characteristically acts to give a 
good yield of inversion product with various halides.*” When the bromo compound 
XXXIV was heated for about a day with an excess of sodium azide i 


90-95", there was generated in good yield the alkyl azide XXXV (infrared band 4-72 4). 


methanol at 


. Horner and E. H. Winkelmann, Ange Cher 71, 34 )) 
tl thers, used by Dr. Eschenmoser, failed in our hand The structure 


hromatographic se paration the et 
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Hellman, J. Lingens and E. Folz, Chem. Ber. 89, 2433 (1956) 4. Streitwieser, Jr. 
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Using arbitrarily chosen experimental conditions.”* the azide intermediate was reduced 


with hydrogen in the presence of palladium-on-carbon to the corresponding primary 


amine (XXXVI), which was not purified but hydrolyzed directly with aqueous acid to 


XXXVI 


Licacid (X XIX). Subsequent tochromatography 

1 from absolute ethanol, the end-product melted at 

yn by means of melting point mixed melting point, ultra- 
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solvents, used without further purification unless otherwise specified, with the exception of benzene, 
acetone and petroleum ether. These latter three were distilled prior to use. **Petroleum ether” 
refers throughout this section to material distilling in the range 66-68 

All compounds referred to in this section are racemic unless otherwise specified. The prefix *‘dl”’ 
has been omitted, except in the case of trimethylcolchicinic acid, where it is retained to prevent con- 
fusion with the natural (—) material 

2-H ydrox y-2-methyl-4-carboethox y-6,7-benzo-9-ketobicyclo (3.3.1.) nonane. To a solution of 1-0 g 
(0-004 mole) of sodium in 300 ml of anhydrous methanol, cooled in an ice bath and stirred magnetically, 
was added 5-0 g (0-034 mole) of /-tetralone (b p. 1 30—-135° at 10-12 mm). Then 4:8 g (0-034 mole) of 


ethyl /-acetylacrylate (b.p. 80-90° at 7 mm, 1°4506) wz 


s added dropwise over a 5 min period. The 


mixture was stirred at room temperature for 40 min, during which time a small amount of white 


precipitate separated from the dark blue solutior Ihe addition of 600 ml of water caused a large 
increase in the amount of precipitate After 30 min the mixture was filtered, yielding 6°10 g (62-5°%). 
m.p. 190-195 Acidification of the filtrate and extraction with ether afforded only oily material 
which could not be induced to crystallize 

The product was purified b crystallization from methanol four times to yield 4-74 ¢ (48-5 °“) of 
large colorless cubes, m.p. 200-—202-5° (dec 2°95 OH), 5-75, 5-85 (€ QO), / 266 mu 


$00). Gas was evolved during fusion of this compound and the melting point varied with the rate of 


Th é fion of } nh el fhoforma ‘ )g 00348 mole) of pulverized ketol, m 
200-202°5° (dec ispended nhyare 1dded 5 mi of freshly distilled ethyl! 
ortl 


60 


washed 


with methanol induced slow crystallization to a mixture of oily solids weighing 0-55 g. From this 


crystalline mixture could De 


these individual compounds it was found desirable to modify the reaction conditions in order to 


obtain or 


benzo-9.Y-diethoxyDIcyclo [3 3.1) nonane, could be made the 


Methylene-4-carboethoxy-¢ 


major product (10 20°, yield, pure) if the reaction were run at 80° for 10 min. Recrystallization of the 
product from such conditions from methanol afforded colorless plates, m.p. 87-6-88°-7°, 5°85 
6°12 (weak), 11-18 (medium) NMR peak at 65 cps relat ve to Denzene ( CH.) 

(Found: C, 73-18; H, 8:11. Cs,H..O, requires: C, 73-23; H, 8-19) 

If the isomeric ketal 2-methvl-4-carboethoxy-¢ .7-benzo-9,9 diethoxybicyclo [3 3 1] nonene-2. was 


the desired product, the reaction was run at 60° for 6 hr. From such a reaction product, by recrystal- 


lization from methanol-water, a 10—25 yield of colorless rods, m 111-6—-112-8°, A, 5-85 u (C—O) 


could be isolated 


heating 
(Found: C, 70-92; H, 6°90. C,,H. »O, requires: C, 70°81; H, 6°99) 
From the mother iors of one of the above preparati i few milligrams of a compound m.p 
163-165 vas 1s ted The sir rity of it irar 1 ultraviolet spectra to those of the ketol .* 
suggested that it might De the 2 mer of t a 
Phe bridged ketol was also obtained using the Stork enamine alkylation method. The pyrrolidine 
enamine I tetralone n.p. si 82 was prepared Dy eal tetraione tn an excess Of p hed 
pyrrolidine, 6.p. 86°> 0 benzene lution for 3 hr attached to Dean-Stark water sep tor ; 
One era 0-005 mole) of purified enamine, m.p. 81—82°, and 0-72 g (0-0051 mole) of ethyl /-acetyl- 
acrviate (b.p. 80-90 at 7 m) ere diss ed 251 ol rydrous benzene and stirred for 14 hr at 
é room temper! I Most of the b ene was removed by distillat it reduced pressure. A solution : 
of 5 ml of glacial acetic acid, 5 ml of te! 1 | { sodiu cetate in 50 of met ol w idded 
and the resu ixture was heated at reflux eflect hyd sis Of enamine product Most of the 
methanol was removed Dy d lation at reduced | ¢ ad SU ot water i ided to the dark 
green sol yn CausiIn par of a dark I cous oil. From this re i¢ a small amount of 
crysta ne iteria rf OV tritural etl nol Recrvst 7a ) of this 
material from methan yo afforded a small vield of the f liar ketol. m.p. 200-—202-S° (d c.) No 
@ for 3 hr, with swirling to aid in the initial dissolving of the solid ketol : 
The it Vas coole ire ited AL ad od iroonate After tne I i xt ire 
became neutral (pH paper), the ye v solution was filtered from the sodium carbonate, which was 
Pe th ethanol, and the combined organic layers were evaporated. Trituration of the residue 
of 
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requires: ¢ 


o the corresponding ketones by means of acid hydrolysis failed 


4 solution 


yl tic 
ACCLIC 


of 90-« 
acid W 


for 40 


mate 


U-U04 


74 


(0-0024 


2 
2 
26 E. E. 
(Found: C, 72-92; H, 7:83. 73-23; H, 8:19) 
Attempts to convert both ketals 
to y crvysi me | od ICTS 
n 2-64 10-* mole) of the exocyclic methylene ke m.p. 85-87°, in 10 ml of (a 4 
s treated n exce oO encrate a Wellsbach Model T-23 ozonizer) 
EEE min at ro temperature. The re ting mixture was immediately steam-distilled til approxi- 
A hx half-w he f 148 0s 10 nole lumedone 
Sn f ‘ \ listiliation p 1 tin xture was 
bri t licat H paps dilut id 
set tr re ol KY eparate Al r collecting 
165~—18 Re f flor 34-4 (44-7°°) of silk les, m.p 
187-5 Uy of formaldehyde m« p. 189-5-191 
. 
F en 22 
: 2 The k had 
(1-4s L 2 he At 
reseed to 0 500 
10 OU ( fur re added to 
mot S° re ndt t 129-0-130-0 ax 5°85 
OH 
NMR cah 67 ( CH ( CH (—CH,CH,) 
( rt Hi ( H..O Hi 71.) 
0-10 ¢ f sodium in 
40 0205 1 f e, b.p. 130-135 10-12 mm, 
refl D Stark \ ind ydrochioric 
acid, |! hicl t d was 
Tee 00 er etne ent 
I ed frac e cryst p. 92-100 bout 
10 Pur terial b ‘ t p ed difficult, but it readily sublimed at 
70-7 5-5 { 60_ 270. 281. 
etic ctr tte to ide y this product as 2-naphthol-1l-acetic 
ack 
Tt ment med by com m wit thentic specime m.p. 104-105 
prep e me Mave ta star from 2? i cle The infrared 
N er cryst crial was obtained from the c togram of the tetralone and ethyl 
2.3.4.-Trimet . mnoethylcycloheptan-6-one (1X To 10 ml of anhydrous tertiary 
butanol. dist d from calc hydride, b.p. 82-83 s added 94 mg molec) of freshly cut 
potassium under a strear f nitroge After the potassium was completely dissolved with the aid of 
6° F. Maver, W. Schifer and J. Rosenbach, Arch. Pharm. 267, 571 (1929) 
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magnetic stirring and steam-bath heat, a solution of 599 mg (0-00239 mole) of 2,3,4-trimethoxybenzo- 
cycloheptan-6-one, m.p. 53-54", in 10 ml of anhydrous tertiary butanol was added. To the light 


yellow anionic mixture a solution of 160 mg (0-00302 mole) of freshly distilled acrylonitrile, b p- 


76°5°, in 5 ml of anhydrous tertiary butanol was added dropwise over a 15 min period. The reaction 


mixture was allowed to stand at room termperature for 9 hr in the nitrogen atmosphere. A slight 


excess of glacial acetic acid was then added to the mixture, which became colorless upon neutraliza- 


tion. The solution was diluted with water and extracted thoroughly with chloroform. The organic 


extracts were dried over anhydrous sodium sulfate, filtered, and evaporated to yield 753 mg (theoretical 


vield 725 mg) of an oil which readily crystallized upon trituration with ether. Recrvstallization from 
ether (or, better, methanol) yielded 525 mg (72-5 °.), m.p. 108—-110°. Further recrystallization afforded 
large prisms, m.p. 110-5—111-2°, Ams 45 u (C N). 5-90 u (C—O) 


(Found: C, 67-34: H, 6°93; N, 4:60. C,,H.,O,N requires: C, 6 7:31: H, 6°98: N, 4-62.) 


By chromatography on alumina, using an acetone—petroleum ether eluent pair, further crystalline 


material could be obtained from combined mother liquors. Large-scale preparations of this cyano- 


ethylation product were run on the crude product obtained from tetramethylpurpurogallin by sequential 
lithium aluminum hydride, zinc and sulfuric acid, and catalytic reductions. In these cases it was 
always necessary to chromatograph the entire produc The overall yield of cyanoketone from tetra- 
methylpurpurogallin never exceeded 25", of the theoretical an t 

2,3,4-Trimethox ybenzocyclohept-5-en-6-ol-5-propionic acid 0-lactone (X1). The cyanoketone, 395 
mg (0-00130 mole), m.p. 110—-111°, was hydrolyzed to the corresponding ketoacid by refluxing it with 
6 g of potassium hydroxide in 12 ml of metha ind 24 ml of water for 24 hr. Neutral material was 
removed by ether extraction of the basic yuUcK xture Then the soluti was acidified with 
dilute hydrochloric acid and extracted w ether he ganic extracts were dried over mesium 
sulfate, filtered. and ev ipor ited to vield 407 n (YS ) of crude acidic product which was used directly 
in the next step 

For conversion of the ketoacid to the ne e 407 me of pl sduct [ror | ibove hydro- 


lysis d ssoived 


(strong), 6°02 (weak), NMR, peaks at 75 cps (vinyl H) 36 (OCH,), 80, 101 (CH.,), rel 


4 » lated fram netrole 
Another crystalline [o Lp. 59-90°5°, could be isolated tro petroicum 
ether on by rapid crys tion at refrigerator temperatures. By appropriate seed of a hot 
petrol m ether ot the compound eithc CT i modification co ) i 


On 


c 


hexylcarbodiir ide in pyridine solution forded none Gesired product, vield 


substance, m.p. 123 


its infrared spectrum, A, 3-0 « (N—H), 5-9 « (C=O), 6:05-6'1 (C—N). 


Reformatsky reaction of 2.3.4-trimethox yhenzo-5-cyanoethylcycloheptan-6-one. The procedure used 
a 
was based on that of Bachmann, Cole and Wilds Ihe zinc (20 mesh) to be used was activated by 
J 
washing with dilute hydrochloric acid, water, and acetone, and was dried briefly in the oven 


Ina 1 1., three-necked, flame-dried flask eq lipped with a Teflon paddle stirrer and reflux condenser 


was placed a solution of 16-558 g (0-0547 mole) of the cyanoketone, m.p. 110-111", in 75 ml of anhy- 


drous benzene. To this was added 75 ml of anhydrous ether, approximately 25 g of the activated zinc, 


a few crystals of iodine, and approximately one-third of 


(freshly distilled, b.p. 143°). The mixture was stirred and heated gently at reflux. After about 15 min 


+-0 g (0-222 mole) of methyl bromoacetate 


JOL. - 
Ee i) 20 mi of d ed acetica p. | d odium acetate was added; 
and the mixture was heated at 100° for 9 hr in atmosphere of purific trogen. The acetic anhyd- 
ri le was I noved DY dais | | t dU unde rea ed p sure using a pul ed nitro ne iwillary 
: bleed. The residue was taken up in ether and the ether solution was washed twice with 5% sodium : 
bicarbonate sol yn, once u ter, dric¢ er sodiur ilfate, filtered, and evaporated to yield 
‘ 264 meg (66° from cyanoketone) of ¢ talline te m.p. 99-1035 
In order to rem races of color from this product, it was dissolved in 5°, acetone in petroleum : 
ether and filtered throug! C I of 3-0 I Recryst ition of eluted erial from 
petroleum ether afflordes 221 mg (558°), m.p. 103-3—104- Five further rect tions from 
trol 1) ro Iyt mpl mn 104 104-9 j 767? m 4 
petrole ple p. 104-0—105-2 14,000 ax mu 
ative to 
water 
Found: C. 66°80: H. 6°68. C,-H.,O. re re C. 67-09: H. 6°62) 
5 
2 
He — 1 25°, which was tentatively assigned the structure of an N-acyl urea on the basis of 
O 
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he solution became cloudy, indicating that the reaction had been 

yurse of the re: or atotal of 
the remainder 
period After 


and had to be 


the red 1od ne color disappearedaanc® 
ed. Additions of the activates ee | 
ta hye r the s erp ec Decame C preet} le ANG 
i by adding ijand i 
At the end of pre co cx adding excess acetic acid and a 
flask | vas dec from the re ine of me lic ne and 
cx he utr vith be ene The mh ved 
ents cduced pre re Azeotropic 
c cM c tue cry cau. Dul was 
tA yf her purificatio j a cetone-petroleum 
— ot n wrated 
Xl d X11 close to each 
B ctior 
or +4 
4 . On ( ( 4) 
Hi ( H..O.N C, 63-64: H, 7-2 : 
. ‘ ted 
XXI XI 
XIV | 
‘ 
\ 
1) 
1.7 ” ” " j lactone 
XVIII rhod le The 
cr ydrox f>-21 0-00586 mok f< ter was 
cal Darium 
0-3 dded W ca tx precipitate from 
the Al crn \ re car ry 
dr The res ed ided to the pyridine 
theoretical yield Dased ALN cvclohexvicarbodiumide 
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Phe ether—pyridine solution was blown to dryness under a stream of nitrogen and the residue was 
123 g, from which no further pyridine 


dried in va After 
could be r as dissolved in 100 ml of methanol and 
The solvents were removed by 


mn 100 ¢ ot 


distillatio 


clohexylurea was eluted slightly 


Recrystal- 


before the 
[0-863 39-0 tre Cy 


lization o 
large color ation from methanol affor 


samy 


yield from 


lassical 
ine 


tempera- 


ipro- 


been 
ed by 
as 


of the 


to afford an oily residue (2°45 g) which was chromatogra] a. 
petroleum ether eluent pair, the remaining d 
led ar analytical 
(Found: C, 63-65; H, 6°98 OCH 2-91. CypH,,O; requires: C, 63-48; H, 6°93). 
; : I este clone is the same compound that had been previously solated in small [7 
the Refor isky reaction of oketone LX 
1c) ndensa n of r-la e XVIlla. 1. Sodium dispersion in xylene method. The c 
method ol conde Lic emp ng dispersed sodiut in inert 
elevated temperatur 1 on ester-lactone XVIIla. A 548 mg (0-00145 mole) samp 
ester-lactone m.p 147-149 vas pulverized and drie it mm pressure fo! +5 hr at 
ture 
: The apparatus co 1 of 2 |. three-necked flask equipped with a nitrogen inlet, a Vim " 
Mische ting | c lenser top of ch was placed a Hershberg 
adr | a filled Drierit he ift of the Vibr Miuscher wa erted 
into the ! K ing ’ rudve Kel "la eve which in turn was set il ippropriately sized 
COrK the middle neck | cac n flask 
Ww real purific en i the system, 500 ml of xylene, which had 
refl | e 5451 | pic ter-l cl 
placed e He | iropp yfunne i to dded. by means ol 1 dried pipette, 50 
daistilied xyiene 
Approx tely 250 mg (0-011 mole) of freshly cut sodium was then added to the flask. With the 
max pecd en ¢ cr-ia led to the spers n over 
a 2hr per h drop to b ted } ref] ene the coil condenser. Heating 
mix The ( yer W € the xylene was dried over magnesium 
sullate ed 
< f { f . it reduc nder nitrogen over a 4 hr period left a residue 
of o 0 N btainc redistillat f the dist e, and the 330 
Chr " nid rded 74 re cry 
sub (O14 R y 
ke xv-4b. 5. ) 10-hex 7-ke \"-B 
hon rere XXIV 
2: 2. H...O, ( SO: H 
which ¢ j t be rec ¢ M been 
mater bjex t corresp* gle 
empirical f Diech 
hydroxy cid relat t xvester XIII the less 
pler | Ref AY y 1 to pre XI\ m 
cyano hydroxvester XIII A solution of 4-394 (0-01165 mole) of 60 met! ‘ vas 
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100 ml of water and the mixt 


ure was heated at 
bed above tor the 


> 


pera- 


X Villa The precipi 


vlass-paddic 


in the 
»pping 


osphnere 
was 
was assembied A vigorous 


ring the entire setting-up and 


of anhydrous ether and approximately 
wi) 


¢ the mixture was vigorously 

anhydrous petroleum 
was stoppered after the sodium addition 
tone was ided 


added trom the 


min, during which time a small amount (ca. 30 mg) of this 


dropping 


* fur nel over a period of 20 
compound crystallized on the tip of the 


q 
30 E. E. vaN en, 
added to a solution of 25 of potassium hydroxide 
reflux r2 i . ca re was icc cal to that de 4 
stc ner rox u cas c cid precipitated trom the aqueous 
so rm < with the residue from 
rect p. 204-2 ‘ +08 Further recrysta ition from 
me p. 2060-208" cc.) 
Lp | ed cthereal dia methane the q 
co rec tion from 
pe }-2-85-4 -9¢ (OH), 5-81 ( 0) 
H 4. C.H,O 61-4 H, 7:3 
The te ed by both of the thods which 
| 2 vd xvdiester and 5 ol 
p-t ; lhe re vas 
cl é th 
( H. 682 OCH 100. H.O 61-04: H 13 
(XVIIIb ‘ prepared by the use 
m.p. 204-2 f 0-00984 mole) of fied N.N’- 
dicyc ex e. D cx ci ‘ic tr 
he land treated with an excess ol q 
fres ethere \ ent he produc is chromato 
h 10-20 ther aflorded crude cry line : 
et t 1-458 1-7 the rOXxy 
diacid +7 er recry from methanol gave an analytical 
I d: C, 63°65: H, 6Be OCH 32:7. C.,H,.,O, requires: C, 63-48; H, 6°93 OCH,, 
32-81) 
actone XVi1b. 1. Sodium in liquid ammonia method. A 733 mg 
(1-935 e XVIIIb, mJ p erized and dried at 
np el 24 | quickly to 260 mi of hy- 
are calied am ed ind, with occasional shaking, 
| par thre eck« lask pped tha stirrer 
cente CCK rere | nonia eck ind p r the 
funne cK ineck. Ihe top of the condenser 
care vere ed with clay alter the apparat 
: stream of purified, dr rogen was passed through the system du 
run ol the reac 
¢ After the asset d system had been flan ir 1 100 
stirred, 180 mg (7°58 10 nole) of 
ether, was added quickly through the 
Then ti thereal solut f ester-] 
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persisted until 
a small 
blue -black 


Dehydrat 


of 50:3 me 


a Dean Sta 

flask had bee ~<duce ) mil juots of the 
| peak al 
13.000 ther 30 min of reflux pro 


this peak and the reaction was halted 

The benzene solution was washed with dilute sodium bicarbor water, and 
these aqueous washes were extracted with chloroforn The combined organ iyers were dried over 
sodium sulfate, filtered, and evaporated under a stream of pu traviolet spectrum 
of this 50 mg of residue was taken in 95", ethanol, exhibiting Am, ) 9000). That this peak was 
due to the presence in the reaction product of material of structure XXVIII was confirmed by the 


subsequent facile conversion to the tropolonoid system. Due to the decrease in the intensity of 


7 dropping funnel. The characteristic blue-black color of sodium in liquid ammonia 
amount of unidentified brow: aterial, remained after the disappearance of | | 
color 
The amn 1 was 1 to evaporate en the exit stream of nitroge m the drying ; 
ara CT cl | I} Cc Kktracts 
were t! th B lificatior ft hx e extract 
Tt ry if | | hnitered na porat if cld S66 
m rap 20 ¢ >the 
cust petr 
ed fr tne was a \ mg) of the 
st 
etl f 165-176 
‘ 
Lp ed 
‘ 4 p 
XXV 
N } tel ) ! ine 25 cl | V ployed 
is the cluc \ ‘ clut ed from 
I fou ( ume 100 | e of peri te, but due t ck of er could 
not He ed | | 
Th 7 ‘ rhe va etam XXVII) 
and reflux for 31 ( f cup W 15 rt i 
alone refluxed i xture W ‘ nd 
extracted three times +0 rolor Cc Cx cl ere wasnt iV N 
hy iroct acid 20 n te sodium Dicard ! 25 I ve im 
sulfate, filtered, and evapor yvicild 6S mg nict cry p tril tion 
with ether, m.p. 192-201 5°68 (str Repeated recryst tion { ce petroleum 
ether afforded colorless ro m.p. 203-0—204-5 vith prev Ite 7, and decomposition) 
(Found: C, 65:35; H, 6°78. CygH,.,O, requires: C, 65-50; H, 6°94) 
EER jon of the cy hemiketal XXVIII p-foluene-sulfonic acid in benzene To a solution 
es (| 44 10-* mole) of the crude ketone XXVII, m.p. 192-201", in 100 ml of d ed ben- 
ras : led 50 mg of p-tol lfont icid mo I irate The mixture was re 1 xed connected to 
until the vy me in the reaction 
ec with benzene ere CXal lined 
enzene) deve Ope | steadily until 
ia ver ht din ti yn of 
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absorption during work Ip ol the dehydration reaction, the aromat 


the 

veen 

layers 

low oil, which cr llized 

| acl } tone there was obtat 125 
mg id resid p. 110-160 ial was pur d recrystallization from acetone 


petrol tl \ ¥(12 m.} 58-164 iat this compound was the desired bromina- 


Lior ! } t was in I ) li t gave a strong positive test for active bromine within a few 


i 


seconds of the addition of alcoholic silver nitrate solution 


es zation was undertaken as quickly 
as px 
4 De etamidocolci ine (V) The entire 50 gy or re lue from the above acid-catalyzed de 
hvdra ‘ solved SO mil of chlo d 25-0 1-40 10 mole N-bromosuccint- 
efluxe th violet spectrum ol iliquot was 
: de ! The peak } id co etely been replaced b ne at 351 mui $00, 
| ed CT hhiteres dev pot ted 
‘ is chromatog! hed on 
1-0 f ac W ol INCE p. 150-165", 
va By rec ite p. 165-170, wa olated 
COICHIK e prepared fr itural colchicine 
crib nin e of totally thetic desaceta- 
) V, m.p. 168-170", was 165-170°. The ultra 
sa 741 tr ty ry 
eC > OU ectra Ypical ¢ cine 
der ve ) ek entic The inte vy of absorption 
at 351 7500 lcated py elv a 40 version ketone 
] j x of 5-00 (0-0152 mole) of purified 
On f me vit CXC of freshly 
cle cok eine 
a ere | | | ) no 
350 ether Ove 2-10 g (40-3 ters 
‘4 if Rec ethe desacetamido- 
i (I 0:20: H. 6:56. C..H..O, re r ) H. 6-48) 
7 er y eval 2-02 g of a crystalline mixture was 
obta Rev t cthe propyl ether solvent pair containing 
a ace lak p. 14 From the thet juors al rddi- 
ti Mained Dy I iti ded DY ial separation 
: fine flake ri the darker, Uf crystals of nhigne citing etnel The 
total y 1266 n 24°3 of | ed ce icine. A ilytical sample, m.p 
. 148-0 +s \ pare ecry iro ether c ttle acetone 
C, 69°38 H, 6°77. Cy ( 0-16: H, 6°48) 
Ihe entire mother ] if t of the higher-meliting ether were 
rec to Gdesacel 1OC cid va y mn order to tur sh material tor 
R f ce fan ‘ N ‘ mice The bromination of the lower 
me inc peri ed succ y Esc d a description ol 
reac cluded Nie iro t ret ea DV nin ind his coworke»rs 
loas t f 592 meg (0-00 ri f the lower-me ’ ethe p. 147-148 35 ml of hot P 
carm tetrac ded n (0-00173 mole N-br ccimimide which Nad Deen 
recryst ed twice f1 te io over pl pentoxide. While the reaction 
for 23 ik s the time required {i the solid N-bromosuccinimide to go into solution, 
| 


(with decomposition). Eschenmoset 


positive ilver nitrate solated which had n 


(Found: C, 56°54; H, 4-91; Br, 18°86. C..H 

The mother liquors from the acetone wash c 
product, m.p. 190-20 Recrys ration fro 
needles, m.p. 218-22 (agec.) 


nucieal 


The synthesis of colchicine bt 


Six further recrystallizations from acetone—petroleum ether afforded yellow rods, m.p. 161-0—163-5 


reported m.p 


33 


165 From one preparation material giving a 


p. 164-170 


O.Br requires: C, 57-02; H, 5-03; Br, 18-97) 
lized stand ind yielded another eaction 

st, and was loubtedly the same 


10-96) 


rethyl- 


conversion of colchicine to « ¢ ceine The comt ea c le reduced produc $4 | ere eated at 
reflux in 10 ml of 1-0 N hy chloric acid for 2 hr. A positive dark green ferric chloride tes dicating 
the presence of Iree tropolone, Geveloped wv i ic ! tes ol s ing the acid ment 

lhe aqueous mixture was brought to a pH of 7-5 (pH paper was used as indicator) with dilute 


sodium 


ration of 


(dec.) 


This thetic racemic trimethylco cinic acid was ¢ pared wit ) authentic s le prepared 
by the method of Corro« ind H evver* \ mixture of s hetic XI, m.p 40-244° (dec.). and 
naturally-derived acid, m.p. 242-246" (dec.), had point of 240-246" (dec.). The ultraviolet 
spectra, 242 my | 31,000), 353 ¢ 19,000), shoulder at 230 ( 27,000), and infrared spectra 
(potassium bromide pellets) of the two samples were identic il 

2,3,4-Trime fhoxybenzo-9 ) nheptan 5-propion acid ( X1Va) Hvydroxy- 
cyanoester XIlla was converted to the hydroxy cid by strong basic hydrolysis. A solution of 
11-255 g (0-0298 mole) of the more ple tiful hydroxycyanoester in 100 ml. of methanol was added to a 
solution of 50 g of potassium hydroxide in 200 f water and the mixture was heated at 1 
24 hr. Most of the methanol was then distilled from the reaction mixture. The basic solution was 
made acid to Congo red indicator by the addition of dilute hydrochloric acid, causing separation of an 
oil. This oil was taken up in chloroform and the aqueous solution was extracted thoroughly with 
chloroform Ihe organic layers were dried over sodium s ilfate, filtered, and evaporated to give a 
colorless oil which readily crystallized in fine white needles from acetone—petroleum ether. After one 
recrystallization there was obtained 10-790 g (94-7 of material which softened to a colorless oil with 


apparent decomposition from 80-90 
behavior 
(Found: C H, 6:90. Cy 
Upon treatment of this hydroxydiacid with a 


59-65: 


Further rect 


requires: 


ystallization did not change this melting point 


C, 59-67; H, 6°85). 


1 excess of distilled ethereal diazomethane the 


: 
pr gquet ootlained y cnenmosel TEportea 
7-Azid wetamid ne (XXX\ A solution of 56 mg (1°33 10-° mole) of the bromo ; 
compound XXXV p. 163-168 10 ml of methanol and 34 mg (5-2 10 ole) of activated 
’ sodium e were heate ed tube 1O—95 i ter bath for 27 hr. After t time the tube 
was opened and the contents ch had t< ved in appearance from their origu ght vellow 
color, we rtitioned bet ater and ¢ roform. The organic layer was dried over sodium 
Ssullate | ered ind Caving ac cs ue, M.p. 155-168 veigning (Lneor- 
etical | ive ney est | ve e wil aiconm C rate, 
indic » complete reaction of the benzylic bromine. Recrystallization from acetone—petroleum ether 
PAVE ne 166-169 An analytic: imple, m.p 167-16 
Was obta ed by | rther rec ullizati ire m petrole im ether 
(Found: C, 62°80; H, 5-88: N, 10°56. C.,,H.,O,O, requires: C, 62-65; H, 5-52; N, mm 
Racemic trimethylcolchicinic acid (XX1X). The azide XXXVI was converted to trina 
; colchicinic acid in two steps without purification of the intermediate desacetylisocolchicine 
The azide 1 meg 10 nole), m.p. 166-169 as mixed with an equal weight of 10°, : 
palladium-on-carbo 10 ml of methanol and hydrogenated for 10 min at atmospheric pressure and 
room tempel re The n ture was filtered throu Filtercel and the filtrate evaporated der 
a stream of nitrogen to a yield 20 mg of semi-cry e residue. The infrared spectrun this product 
showed no band at 4-72 ncicat >compilete hydroge olysis of the azide group, al dg it was assumed 
that the } luct consisted | yo sacetylisocolchicine 
I 
iy } widitions cimilar to th yse used for the 
Gs bicarbonate solution and extracted with chloroform. The organic layer was dried over sodium , 
sulfate, filtered, and ¢ porated to yicid 40 mg ol pa illy crystalline material p. 210-240" (dec.) 
rhe entire product was purified by chromatograp on 2-0 g of silicic acid, using chloroform and 2°% 
methanol in chloroform as eluents, to yield crystalline fraction weighing 16 mg. Recrystal]i.7_—_ 
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This compound was readily purified by recrystallization 
2:90 (OH), 5°85 u (C(O). 


n 


COTTes} d y 
} whit m.p. 100-6-101°-4°. 
na 


trom 
1 method described by Kiselev 
trimet 
ser 
p 159 
taining the 
ust below 


After an 


tand over- 


ar ¢ Apel 


26) 


upport from the follow ng sources 
tne Wisconsin 


il 


Alumni Research 


i 
reflux temperature (74°). Within 30 min product began to separate from the solution. A777! 
, The precip el ed by f 7) hed t ) fied dioxane and dried to constant 
weigt ‘ ve 1°55 f ed vellow plate 200-2270 ( tallization from 40 ml 
of e ) ed cor cs Dp. 20-252 dec 
lwo recryst t of yecimen fror r expe ive yellow plates, m.p. 254—256 
dec 
‘ <7 
(I C, 50-61; H 3. C,,H,,NO,I requires C, 50-5 H 25) 
por ol bine for extrac ere dried lrou odium 
su ‘ cd pre a \ as ved 
as ece cxpe Att proauct CT The 
va t 74° for fir er wi til cooled oom temperature and 
(0-1 1s obtained colore n.p. 231-8-235-4° dec., 219, 244 and 358 my 
( H, 5-68. C,.H..NO,1 1 re C, 51-47: H, 5-50 
D in” Hvd ‘ mn xliide was eflected Dy a 
proc ed by k of B er, Sc ‘ K el A so 4-758 @ (0-00928 
"ne the 317% 0-385 N aqueous s um 
pre-€ cart yst After | 10 ol lrove 0-0093 
n DCC AC ace Ihe 1 I was tered, the fhitrate 
iC we>re Cu ered ed nder reduced pressure to 
a | ‘4 ‘4 a ( rvsi ill at ol the 
crude |] ct Ic ot e colore p 168—170-5 
Concentration of ec d crop of 0-168 67-5-—168-5 4 third crop amounting 
to U'UO) 7-8 vas ovta tnu ol 2 329 (76°7 ol theor ) ol 
prog cl 
Three recrysta s tre absolute ett ol of a specir btained from a Sim | iment 
gave den prisms, m.p. 169-3-—170 245 my (log ¢ 4 and 351 mu (log ¢ 4H 
(Found: C, 69-38: H, 6-09. C,H. .O, requires: C, 69°50; H, 6°14) 
ickn wie rier T he tl re PT ite! for at 
‘ National Institute of Healt! National Science Foundation ; 
Foundation 


Pergamon Press, Inc. Printed in Northern Ireland 


Tetrahedron, 1961, Vol. 14, pp. 35 to 41, 


BIOGENESIS OF THE RAUWOLFIA ALKALOIDS—II 


INCORPORATION OF TRYPTOPHAN INTO 
SERPENTINE AND RESERPINE 


THE 


EDWARD LEFT! 


School of Chemistry, University of Minnesota, Minneapolis, Minnesota 


(Received 25 November 1960) 


Abstract—Radioactive serpentine which was obtained from Rauwolfia serpentina plants which had 


been fed tryptophan-2-C'* was degraded systematically and was found to be labeled solely at C-5. 
rhis result indicates that tryptophan is a direct precursor of the /-carboline moiety of this alkaloid. 
Radioactive reserpine which was obtained from the same feeding experiment was labeled only on the 


reserpic acid part of the alkaloid 


We have previously reported’ that the administration of DI -tryptophan-2-C™ to 
R. serpentina plants (3 years old) led to the formation of radioactive ajmaline (I), 
serpentine (II) and reserpine (III). We chose to degrade the ajmaline first since it is 


the most abundant alkaloid in R serpentina and had the highest specific activity. 


Our results' indicated conclusively that the ajmaline was labeled solely at C-5. This 
result was in agreement with previously conceived hypotheses on the biogenesis of 


ajmaline.*:* It was a reasonable assumption that serpentine and reserpine would also 


be specifically labeled at C-5 of their /-carboline moieties. Therefore our initial experi- 


ments were directed towards the conversion of these alkaloids to simple derivatives of 


harman which could be degraded by the procedure previously worked out for the 


1 EB. Leete, J Amer. Chem. Soc. 82, 6338 (1960) 
*R.B Woodward, ingew. Chem. 68, | 3 (1956) 
* R. Robinson, Festschrift Arthur Stoll p. 457. Birkhauser, Basel (1957). 
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which was 12 hours old, presumably indicating extensive polymerization. 2,3-Diethyl- 
1-methylind 


ole (XVI) was prepared for comparison with the hydrogenation product of 


the vinylindole as follov 2-Ethylindole was refluxed with a mixture of acetic acid and 


acetic anhydride to yield 3-acetyl-2-ethylindole ( XIV). This ketone was reduced’ with 
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| 
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formula IV,i.c. N-(ind)-methylreserpic acid lactone 
The formation of these two compounds is readily rationalized Attack by amide tons 


nvi at vields 3,.4.5-tr thoxvybenzamide and generates an 


this compound are consiste1 


on the ester carb 
alkoxide ion which atta ¢ ester carbonyl a 16 eliminating an ethoxide ion and 


*n then vields IV. Fusion 
inv N-(ind)-methylharmine 
rpine with maleic acid in 


the tetrade- 
yund failed to yield any harmine 
radioactivity into the alkaloids of 


nparison is by means of the 


found in the alkaloid divided by 


the total activit d to the plant his value is not useful as a basis for comparison in 
this case since the alkaloids were not recovered quantitatively from the plant and they 
occur In unequal amount more meaningful to compare the “Dilution”, which is 
the specific act tered tryptophan-2-¢ divided by the specific 


activity the alkalo d 
has occurred with the reserpine. There are many possible explan- 


These results are recorded in Table 2. It is seen that 


the greatest dilutio 
ations for this result and a great deal more work will have to be done before we can 


account for this. Thus one would have to carry out feeding experiments with plants of 
different ages in order to determine whether the alkaloids are being produced at 
different rates at different stages in the development of the plant. [he lower incorpor- 
ation into reserpine could also be related to the presence of the methoxyl group at C-11, 


* E. Wenkert, E. W. Robb and N. V ingi, J. Amer. Chem. Soc. 79, 6570 (1957); cf. also Jbid. 81, 2494 


(1959) 
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which is absent in ajmaline and serpentine. At this time we have no information on 


the mechanism of hydroxy! ition at this position, and we do not know at which stage in 


the biogenesis of re serpine this occurs. It would be of interes » isolate deserpidine 


(reserpine lacking the |1l-methoxyl group) and compare its activity with that of 
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2-Ethyl-\-methyl-3-vinylindole (X11) 


This vinylindole was obtained as previously described’ from 2-ethyl-l-methyl-N, N-dimethyl- 


tryptamine methiodide freshly prepared and redistilled vinylindole was obtained as a colorless 


liquid (Found: C, 84-20; H, 8-15; N, 7°84. C,,H,,N requires: C, 28: H, 8-16; N, 56°). 
The ultraviolet spectrum in 95° ethanol is recorded in Fig. 2. Its infrared spectrum as a liquid film 
had a strong absorption at 1625 cm! which may be assigned to the stretching vibration of the vinyl 
group since this absorption is absent in its hydrogenation product, 2,3-diethyl-1-methylindole. The 
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Boaz and J. W. Forbes, J. Amer. Chem. Soc. 76, 2463 (1954). 


40 
1.3.5-rrinitrobenzene complex of : 
C, 57:28; H, 455%) 
2,3-Diethyl-1-methylindole (XV1\) 
(a) From 2 yl-1-re 3-vinvlindol The vlindole (80 mg) was dissolved in absolute ethanol 
(50 ind hvdroge 2 re the pre ce of piat xide (40 1 for 2 hr The 
hilterc e re e distilled d 160°, 0-01 mm) to vield 2,3-diethyl- 
1-5724 (Found: C, 83-12; H, 9-15; N, 7°30. C,,H,,N requires 
C, 83:3 H, 9-15; N : . | t spec ethanol ts rec ed in Fig. 2 The : 
f 2,3 obtained as Dright red prismatic 
needle 185° (Found: C, 56-89; H, 5-15; N, 13-86. ON, requires: 
in H, 5-04; N, } 
the ¢ I C coa yielded 
; etyl-2-« ess p p. 159 ( I C, 77:17; H, 7:17; N, 7°62 
C,,H,,ON ree H. 7-01; N,7°48°,). Its infrared spectrum (KBr pellet) had a carbony! | 
2.3-D 3-Ac 2 ylindole ) was suspended ether (250 ml) and a solutior 
of 4 etne e refluxed for 20 hr. Water 
vas ce ) ric ‘ ed The residue was 
d 160° 0-01 2 (1-5 co es ul ha ya sti violet 
fluorescence $82 On] ed « ¢ difies i coloriess crysta e solid 
m.p. 29-30° (F¢ C, 82 H 62: N, 8-25. H,.N req C, 83-19; H, 8-73; N, 8-09") 
The 1.3.5 2,3-dic b ed as bro h red prismatic needles 
fror < 135-13 Foun C, 55-78: H, 4°65: N, 14°70. ¢ H,.O,N, requires: C, 55-95; 
H. 4:70: N, 14-50 ile f 23 ‘ Diained as dark Dro prisms trom 
et ‘ p. 135-13 Found: C. 53°87: H. 4°57; N, 13°83 C,.H,,O;N, requires: C, 53-73; ; 
H, 4-51; N, 13-93 
2.3-D ” SOc (iM diss guid a onia (200 mi) containing 
i sn crysi W . I peare 2 3 lic dole 660) meg) 
4 Gissoive inge ) ed Methyl iodide (0-5 ml) 
was te. Wate lded to the residue and the muxture 
extrac [he dried ethet eval ‘ ed (160°, 0-01 mm) to yield 
2.3 dok irared spectru ] cal with the material obtained from the 
vinylindole XI 
Degradation of the ra clive reserpine 
} Ihe active reser] e (44 mg) was d ed nactive material (300 mg) and 
crysti ed! xture of me lacet d a constant specific activily A turther 
check « t diochemik was ob ed by the ¢ illo f reserpine perchlorate. The 
diluted reserpine v ysead I agiul etna according to est iblished 
met! a vic 3.4,5-1 AV OC acia gd reserpic cid W ch was 1solated as its ydro- 
chioride The ac ty olf ert e an $s degradation f ducts are recorded in Table | 
(40 me nd 200 } Wi C al ne reserpine add ssol 
added and the ammonia then allowed to evaporate. Water was added to = 
1 A. Veriey and J. Bex é, Bull. S CI Fr. [4] 37, 190 (1925 / 
11 V. F. Martynov and V. F. M va (Zh. Obshchei Khim. 24, 2146 (1954); Chem. a 
describe 2,3-dicthylindole as yuid having wp 1-586 i affording a picrate, m.p. 121-122 The 
r product obt ed by A. E. Arbuzov 1. A. Zatz Ty Butler Inst. Chem. Tech. Kazan No. 1, 33 
; (1934); Chem. Abstr. 29, 4006 935)] Dy the « ition of the p yihydrazone of ethylpropylketone was 
either 2.3-diecthylindole or 3-methyl-2-propylindole. Since their m.p. 144, 11 
| 
a 


Biogenesis of the Rauwolfia alkaloids—II 41 


extracted with chloroform. The dried chloroform extract was evaporated and the residue dissolved in 
ethanol (2 ml), diluted with benzene (20 ml) and chromatographed on alumina (activity II]). Elution 


with benzene containing 10% ethanol yielded a pale yellow solid which on crystallization from 


benzene-petroleum ether gave small colorless prisms (70 mg) of N-(ind)-methylreserpic acid lactone 


(IV), m.p. 219-220° (Found: C, 69-28; H, 7:18; N, 7°09. C.3;H,.O,N, requires: C, 69°67; H, 7-12; 
N, 7:07°%) Its infrared spectrum had no absorption in the NH region, but had a strong absorption at 
775 cm™ assignable to the carbonyl in a y-lactone urther elution of the alumina column wi 
1775 > | y-l I f tl | th 


3,4,5-trimethoxybenzamide (25 mg), m.p. 182 3°, identical (I1.R. spectrum 


absolute ethanol yielded 


th an authentic specimen. (Found: C, 56°54; . - N, 6°67. Calc. for 
N. 6°63 


and mixed m.p.) wi 
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THE STRUCTURE AND SYNTHESIS OF LIRIODENINE. 
A NEW TYPE OF ISOQUINOLINE ALKALOID 


W. I. TAYLOR 


he eastern 


vellow color is to its disadvantage 
howeve! wood he source of this 


vellow them, liriodenine, 


C,-H,O,N, was examined in det: and eviden \ presented in support of the 
structure | e presence of three of the rings in liriodenine was considered to have 
been established by its oxidation to a benzo[g]quinoline-5,10-dione carboxylic acid 


which 1s, In our op ! below). Upon heating it decarboxylated to furnish 


the known aza-anthraquinone ( COOH he nature of the remaining ring 


was not fron formation of an oxime, the suggested 


presen of a methyl grou ) and the lack of a hydroxyl, methylenedioxy o1 


proposing the structure I for liriodenine, 


ral prod act only one other case was 


quoted pl LZATIT solated il Ic na terrestris In this connec- 


tio! to phomazarine but to the 


polyhydr 


We felt that the published evidence for the structure ol liriodenine could be inter- 
preted differently. On the basis of formula I for the alkaloid, it seemed strange that 


oxidation should have produced a monocarboxylic acid rather than a dicarboxylic 
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one. However if it is assumed that the quinone moiety does not preexist in liriodenine 
but is generated along with the carboxyl during the oxidation, then we would have an 


alternative explanation for the experimental results. The infrared spectrum of liri- 


odenine as compared with benzo[g]quinoline-5,10-dione was in agreement with this 
idea. The latter compound showed two c: arbonyl peaks whereas the alkaloid (sup- 


posed to have three carbonyl groups) had only one sharp peak. If liriodenine has 
only one carbonyl then two oxygen functions have still to be accounted for. they 
cannot be either hydroxyl (no OH in the I.R.) or methoxyl (negative Zeisel). This 
leaves cyclic ethers as the only possibility and the simplest one which would account 
for both oxygens is a m iethylenedioxy group. Support for this hypothesis is to be 
found in the infrared spectrum! of the alkaloid which has bands at 1490, 1420. 1360. 


1120, 1050 and 960 cm™! , positions considered to be di iagnostic* for the methylenedioxy 


group. With these ideas in mind, and remembering that the tulip tree is in the f family 
Magnoliaceae from which up till now only benzylisoquinoline type bases have been 
isolated, we arrive at a new possible structure, |,2-methylenedioxy-7-oxo-dibenzo- 
for liriodenine. 

On this basis then, liriodenine oxime (IV) should show neither hydroxyl nor 


carbonyl bands in the infrared. The special conaitions for the formation of the acid (I]), 


IV 


which is known® and with which its properties are in good agreement, are now clear. 


Liriodenine is stated to give reactions characteristic of quinones. The structure III is 


consistent with these tests in as much as its reduction products would be expected to 


reoxidize very easily; compare, for example, the analogous case of perinaphthen-1- 


one.’ 


These conclusions received confirmation through a facile synthesis of liriodenine. 


The route took advantage of the knowledge which had been gained by earlier workers 


in the preparation of |-benzoylisoquinolines from |-benzyl-3,4-dihydroisoquinolines® 


as well as the results obtained from Pschorr cyclizations of 1-2’-aminobenzovitetra- 


hydroisoquinolines ’ Thus |-2’-nitrobenzyl-6,7-methylenedioxy- 3,4-dihydroisoquino- 


10 


line™ (V) upon oxidation with chromic oxide in acetic acid gave the benzoyl deriva- 


tive (VI) which in hot alcoholic alkali furnished the desired 1-2 -nitrobenzoyl-6,7- 


methylenedioxyisoquinoline (VII). Reduction of this compound, diazotization and 


* L. H. Briggs, L. D. Colebrook, H. M. Fales and W. C. Wildman {nalyt. Chem. 29, 904 (1 
’ The unsubstituted heterocycle known, British Patent 450,244 [Chem. Abstr. 30, 8638 (1936)) but no 


physical properties are given and the synthetic route, ring closure of 1-benzoylisoquinoline with aluminium 
chloride, is not applicable to a synthesis of liriodenin« 

* A. Etienne and A. Staechelin. Bu Soc. Chim. Fr. 748 (1954) 

* E. Clar, Aromatische Kohlenwasserstoffe (2nd. Ed.). Springer. Berlin (1952) 

* Inter alia, J. S. Buck, R. D. Haworth and W. H. Perkin, Jr., J. Chem. Soc. 125, 2176 (1924) 

* E. Schlittler and A. Lindenmann, Helv. Chim. Acta 32, 1880 (1949) 


WG Barger and G. Weitnauer, Helv. Chim. Acta 22, 1036 (1939). 
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directly a product indistinguishable 


heating to effect the Pschorr cyclization gave 


from liriodenine. This synthetic route should prove applicable to other members of 
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Liriodenine (11) 


The above nitro compound (210 mg) was suspended in ethanol! and shaken in an atmosphere of 
hydrogen, using a Raney nickel catalyst (ca. 500 mg) for 16 hr. After filtration, and concentration to 


dryness, the resulting solid (150 mg) was taken up into methanol (5 ml) and 2 N sulphuric acid (5 ml), 


cooled to zero degrees and diazotized (0 5 ml of N sodium nitrite were used) The reaction mixture 
was heated on a steambath for 30 min when it assumed a bright red color. Upon cooling, basifying 


and extraction into methylenechloride, there was obtained a yellow crystalline residue (100 mg) 

which gave directly |! 1 chloroform a product mg), m.p. 289°, whose ultraviolet and infrared 

spectra were respectively identica ith those recorded for liriodenine. (Fot ‘ . ae 


C,,;H,O,N requires: ¢ 2 , 33%) 


icknowledzement—We are indebted to Dr. I littier f lanv inte ng discussions during the 


development of this work. 
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SYNTHETIC APPLICATIONS OF 
|.2-DIHYDROISOQUINOLINES 


SYNTHESIS OF (.-)}-COREXIMINI 


S. GARRATT and THRIFI 
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The preparation « -norcoralydine called for 3,4-dimcho, 
(Via) which was derived from the correspond 
oO K.H B 
R_-B by. R. Bink PS. 4 
K. T. 1 R_R B. B Chem. & Ind. 229 (1955); of. P. 1 
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using triphenylphosphite methiodide.’:"° When the iodide (Vla) was heated with the 


known"! 6,7-dimethoxyisoquinoline (Vila), the quaternary salt (VIIla; X I~) was 


obtained and attempts were made to reduce this partially to the 1,2-dihydroisoquino- 


line (Xa) over platinum in the presence of alkali. However, two moles of hydrogen 
were absorbed without a break in the rate of uptake to yield a crystalline base having 


the ultra-violet absorption expected for the tetrahydroisoquinoline ([Xa). Its structure 


was confirmed by showing that the same base was formed when the salt (VIlla: 


x Cl~) was reduced with borohydride in methanol. a reagent which is known to 


reduce quaternized smoot Yt 


Lithium aluminium hydride in ether has been used to reduce quaternized isoquino- 
lines to 1|,2-dihydroisoquinolines,"* but because of the extremely low solubility of our 
salts in ether, the reaction was conveniently carried t at room temperature in 


tetrahydrofuran. Under these conditions, the salt (VIlla: X ) gave a high 


XI 


series 


R. Mis ) 
'“* H. Schmid and P. Karr He Chim. Acta 32, 964 49 
4 A. Pictet and T. O. Chou, Ber. Dr Chem. Ges. 49, 370 (1916) 


vicid of an unstable base (Xa) whic! ac an ullra-vioiet adsorption spectrum corre- - 
sponding closely wit that of 2-met l-phenyl-1.2-dihydr if Our 
. product, without purificatior r ce yw cy ed by being heat with a ixture of 
phosphoric and formic acid Fract nott asic products § ¢ norcoraly- 
dine (Xla), identical wit! authentic spe el in 40 per cent erall yield from 
Me Me Me 
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rand H.N.R Soc. 2224 
iM. B ferent procedure sed 
N. P §1, 19 
Schépf, Experie 75,201 (194 C. Schopf, G. Herbert, R. Raus« nd G. Schroder, Angew. Che 
69 
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the salt (Villa: X I~). A new route to the protoberberine alkaloids is thus 
available: the same method was used subsequently in similar work.*® 

In order to extend this procedure to a natural alkaloid, the synthesis of coreximine 
(XIc) was undertaken. This base, which has not previously been synthesized, occurs 


Dicentra eximia™ and until last year was the only protoberberine alkaloid having 


in 
the 2.3.10.11 oxygenation pattern; all the many other alkaloids in this group carried 


3, 9 and 10. However, Xv/opia discreta (L. FIL.) 


oxygen functions at po 
Sprague and Hutchins has recently yielded xylopinine, which is (—)-norcoralydine 


(Xla). and discretinine, a closely related alkaloid 
The iodide (VIb) necessary for the coreximine synthesis was readily prepared by 
the action of tripheny on the corresponding alcohol (Vb), 
which in turn was obtained reduction of the ester (XIIb) with lithium aluminium 
hydride. Synthesis of the tsoquinolin b), however, proved more difficult. The 
first route involved formylation of the known henethylamine (XV) by hot formic 
juct (XVI) to give the 3,4- 


lroisoquinoline ( tag an sn thly and the base (XVII) is now 


dil ya 


acid 


readily ‘veral catalytic and 
chemical s. failed to yield the 


dgesired 1s 


Orechoff and F. Kuffner, Ber. 


i 
| 
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* W. Huffman and M er. J. Ov Chem. 25, 90 (1960) 
‘7 R.H.F.M ke, Car IR 16B. 81 (1938) 
Schmutz, Me Chin 42. 335 (1959) 
* R. Robinson and S. Sugasawa, J. Chem. Soc. 3163 (1931); E. Spath, A, rs 
Disch. Chem. Ges. 67, 1214 (1934) 
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The successful route started with the addition of methoxide anion” to the nitro- 
styrene (XIV) to give the methoxynitro derivative (XIII). Lithium aluminium hydride 
reduction then yielded the oily methoxy amine (XVIII), which was purified as its 
crystalline picrolonate; the pure base was readily formylated by formic acetic an- 
hydride to afford the amide (XIX). Attempted ring closure of this material under the 
usual conditions gave a negligible yield of basic material; only after careful study of 
experimental conditions was it possible to obtain the desired isoquinoline (VIIb). 
This reacted with the iodide (VIb) in boiling methanol and the resultant salt (VIIIb; 
xX I~) was converted into the corresponding chloride by passage over IRA-400 
resin in the chloride phase. Again catalytic hydrogenation of this material was 
unsatisfactory though the ultra-violet spectrum of the products suggested that some 
dihydroisoquinoline (Xb) had been formed; the corresponding tetrahydroisoquinoline 
(IXb) was prepared for comparison purposes from the quaternary salt (VIIIb; 
X Cl-) by borohydride reduction. Partial reduction of the chloride (VIIIb; 
X Cl-) was achieved at room temperature as before with lithium aluminium 
hydride in tetrahydrofuran and the ultra-violet spectrum of the unstable dihydro- 
isoquinoline (Xb) so produced was very similar to that of the tetramethoxy analogue 
(Xa). Ring-closure of the dihydroisoquinoline (Xb) was carried out without delay in 
a mixture of phosphoric and formic acids and in this case, concomitant removal of 


the protecting benzyl groups occurred to yield (— )-coreximine (XIc) directly. 


genated with mercuric acetate to a yellow product. This, by analogy with related 


In order to provide a comparison sample, natural (—)-coreximine was dehydro- 
cases,"' is presumably the salt (XX), which without isolation was reduced by zinc and 
acid to afford (+ )-coreximine (XIb). The synthetic material above and the sample 
prepared from natural coreximine were proved to be identical by melting point and 


mixed m.p. and their infra-red spectra were superimposable. The ultra-violet spectra 


of the two samples were identical in neutral and in alkaline solution. So far as we are 


aware, this represents the first synthesis of a naturally occurring alkaloid in either the 


isoquinoline or indole series by the | ,2-dihydroisoquinoline route. 


Note added in proof: The paper by M. Tomita and J. Kunitomo [J. Pharm. Soc. 
Japan 80, 1238 (1960)] has now become available to us in which the synthesis 
of (--)-coreximine by a different route is described. 


EXPERIMENTAI 


3,4-dimethoxyphe 
were 


and 24 hr. The cooled reactio uxture ethe 


the residue at 114-118 /0-05 mm gave a par y crystalline distillate from which the desired iodide 
(Via) (2 4°) was obtained by careful crystall illo ana recrystallzation trom methanol, m p- 


46 48 C, 41-0; H, 4°8. Calc. for C,,H,,0,1: C, 41-1; H, 445%) 


(Found 


9.(3'.4’- iodide (Villa; X 


4 solution of the foregoing iodide (1-0 g) and 6,7-dimethoxyisoquinoline' (0-59 g) in methanol 


(7 ml) was heated under reflux for 8 hr. After the reaction mixture had been cooled, the isoguinolinium 


29 -f K. W. Rosenmund, M. Nothnagel and H. Riesenfelt, Ber. Disch. Chem. Ges. 60, 392 (1927). 
21 R. H. F. Manske. J. Amer. Chem. Soc. 72, 4796 (1950) 


3,4-Dimethoxyphenethyl iodide (V\a) 
ylethyl alcohol (5-4 g) i 
being added after 4, 14 ei 
(1 » the eth r was evaporat lyictillation of 
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iodide was collected (1-34 g; 89°<) and recrystallized from aqueous methanol, m.p 209-210° (de- 
comp.). (Found: C, 52:2; H, 49; N, 2-9. C,,H,,O,NI requires: C, 52-4; H, 5-0: N, 29%). 
,2,3,4-tetrahydro-6, 7-dime thox yisoquinoline (1Xa) 

(a) By catalyt : pati 4 solution the foregoing quaternary iodide (0-75 g) in 50°% 
a column (8 0-7 in.) of *“‘Amberlite’’ IRA-400, 


The main solution and washings were combined and evaporated to dryness to yield 


aqueous acetone (500 ml) wa i 1 thre 
chloride 
the quaternary chloride (Villa 
(20 mg was | i at room temperature and pressure over Adams 


platinu methano ml nt ;queous sodium hydroxide (0-3 ml). Hydrogen 


mol is al moothly ove! rand tl | i as then filtered, diluted with water and 


freed then yielded a 
cryst 
(bd ronvydria ict sors Mul ) nva le (0:2 was added po tionwise to a 
soluti eing kept at room 
til free from 


i) t rive the tetrahydro- 


H, 7:7. requ 


queous 
been 

pre- 

itions were 
trogen, the 
> evapo! ited 
lic ACI phos- 
nts of the tube 
eX- 
hiorotorm 
changed 


dentical 


the known stages ol 


the ester crystallized and 


to a stirred § ispension 
had been heated 
ymposed with wate 
d in hydrochloric acid 
washed 
ed and evaporated stalline 
il 


tallized from aqueous methanol, 1 
4: H, 70%) 


enethyl iodide (V\b) 
5g) was reacted with triphenylphosphite (4-7 g) and methyl iodide 


gue (Via) above. Distillation of the products at 0-05 mm gave three fractions, 


dimer. Chem. S 
J. S. Buck and W. S. Ide f yath. 18, 31 (1935); T. Kametani and J. Serizawa, J. Pharm. 


72, 1081 (1952) 


methanol The aqueous solution was then and worked 
isoquinoline (IXa) (0-11 g), m.p. 113-114". (Found: C, 704; ires: C, 
70-55: H. 76°.) 
(+.)-Norcoralydine (Xla) 
A suspension e quaternary iodide (Villa; X (0-2 g) in anhydrous tetrahydrofuran 
(30 1 hake vdride (0-2 ¢ t room temperature for 18 
33 sodiul ite was tne dgded carel til the excess of Ny 
dec mp a pre pit 1 formed Cc CM r solution Wa aec 
cip wa wit et hy fu | mi) and the comb ed organic 
diluted wit vate ™ ) Atte e ydrotura nad evaporated der 
aque Susp | cx cle tn ether (3 100 ml) and the extracts w 
K e cry c re live ullra-ViokX ethanol 
33] 245. 270. 295 | yas, dissolve by vol 98° for 
phoric In ‘ evac scale ibe for 28 hr The conte 
rec water 25 astm i with sodium hvdrox 
trac ; < rgery crysi vnict \ Iractionated 
on Pe Spence Type H it if a ) rCcor line (60 me m.p 157-14 
on ad ture Vv suthentic iterial The infra-red spectra of the two samples were i=. 
henethyl alcohol (Vb) 
Methyl! 3-me xy-4-benzyloxyphenylacetate was prepared from vanillin by ee 
benzylat ved b azlactone synthesis In our experiments, iis: 
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b.p. 135-143°, 143-160°, 160-180° of which the last two crystallized. Recrystallization of these two 
from aqueous methanol gave the phenethyl iodide (V1b) (2-5 g),m p.57— 57:7° (Found: C,51-9; H,4-7. 
requires: C, 52:2; H, 465%). 


3-Benzyloxy-4-methoxy-w-nitrostyrene (X1V) 


This material has been prepared previously,’ but in our hands the ammonium acetate method** 


described below gave the best results 
A solution of 3-benzyloxy-4-methoxybenzaldehyde’® (258 g) and ammonium acetate (78 g) in 


glacial acetic acid (770 ml) and nitromethane (128 ml) was heated under reflux for 1? hr. The yellow 


crystals which separated from the cooled solution were collected and washed with ethanol (3 10 
ml). A second crop was obtained by addition of the acetic acid mother liquor to water (2-5 1) and 
recrystallization of the gummy precipitate from ethanol (charcoal). The combined crops of crystals 
were recrystallized from ethanol to give the nitrostyrene (XIV), m p. 125-127° (200 g), / 258, 
365 mu; Amin 230, 286 mu (log ¢ 4-0, 4:19, 3-87, 3-45 respectively) in EtOH 


vloxy-4-methoxyphenethyl) formamide (XV1) 


N-(3-Ben 


The fo egoing nitrost 


the knowr amine (XI) in 61 yield: our distilled product, b.p. 170°/0-5 mm, crystallized and 


had m.p 


el i 
stallized from methanol to yield the pure formamide (XVI), m.p. 101 (Found: (¢ 1-0: H. 66 


C,;H,,O,N requires: C, 7 


296 mu 


The picrate of this base was prepared in methanol and was recrystallized from the same solvent 


m.p. 188-189" (Found: C, 55-8; H, 4:3; N, 11-0. C.3;H.»O,N, requires: C, 55-6; H,4-1; N,11-2%) 


2-Methox) 


The nitrostyrene (XIV) (14 ¢ hi hydrous methanol (1-21) and the solution 
was cooled rapidly to room temperature to produce fine suspensio! 2 N-Sodium methoxide 
(30 ml) was added and the mixture was shaken for 5 min before the reactior enched by the 
addition of glacial acetic acid (4-0 ml). Evaporation of the solution to dryness under reduced pressure 
left a gum which was partitioned between ether (250 ml) and water (250 ml). The ether layer was 
separated ind the aqueous solution was extracted with more ether (2 250 ml). | iporation of the 


for use in the 


dried ethereal solutions left a crystalline residue, m.p. 90-5-92:5° which was suitable 


next stage, but which was recrystallized from ether to afford the pure nitroe thane (X111), m p 102 
104° (Found: C, 64:7; H, 64. C,;H,;gO;N requires: C, 64:5; H, 61%). Amax 232 (inflexion), 280 
3-94, 3-46, 3-05 respectively) in EtOH 


Amin 254 my (log 


41.L.C. Raiford and D. E. Fox, J. Ore. Chem. 9, 170 (1944). 
“6 M. Tomita and T. Nakano, J. Pharm. Soc. Japan 72, 1256 (1952); Chem. Abstr. 47, 12288 (1953). 


This amine (20 ¢) was heated under reflux in a bath at 150° for 54 hr wit formic cid (8 2 2) : 
After the mixture had been cooled vas d olved in ethyl acetate 150 m ind the ution Was 
shaken first with 0.5 N-sodium hydroxide (160 ml), then with N-hydrochloric acid (S50 ml) and finally 
1-55; 11, 67°.) 
6- Be 7 methoxy 3 4-d a lroisoquinol (XVID) 
4 solution of the formamide (XVI) (1 g) toluene (10 ml) was heated under reflux for 2} hi 
with freshly distilled phosphoryl chloride (5-9 g) ihe cooled mixture was treate cea valer ‘ 
: (20 2) and whe tne ecomposition was complete, the toluene was shaker vil tne juc layer, , 
separated and back-extracted with wate Ihe combined aqueous solutior ere ex cted with 
ether (2 50 ml). basified strongly with sod hydroxide and re-extracted tn etner ; 50 ml) , 
Evaporation of the combined ethereal solutions left a crystalline residue (0-52 g) which was sublimed 
in a short-path still to give the dihydroisogui (XVID) pn. 105 Found: C. 76:7: H. 6-7 N, 
5:2. C,;H,,O.N requires: C, 76-4; H, 6-4; N, 52%). / 209, 232, 280, 313 mu; 7 220, 250, 
MEE (log © 4-29, 4-42, 3-91, 3-85, 4-24, 3-37, 3-71 respectively) in EtOH 
ypheny!)-nitroethane (X11) 
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(XVIID 
 esttion of the cine nitroetha °) in a drous ether (160 ml) was added over 
200 ml). The mixture 
lropwise to the cooled 
mil After al i on 
ind the 


ution 


ide (VIIIb 
Part of th hloride 


(63 me methan« 10 was redu sodium borohydride and worked up as for 


methoxy analogue (1Xa) to yield ‘ oisoqguinoline (LXb) (45 mg) which was recrystallized 


inore residue was washed with ether (2 200 ml). Evaporation of the dried total ether scam 
, Ie ext ive. It cterized the rolonate which was 
n f the same solve pn. 183-5-184° (Found: C, 59-1; H, * 
§-4. C,-H,,O,N,; es: C, 58:8: H, 5:3 
wf? , { oh formamic (XTX) 
yived formic acid (16 ml) and 
eated is 45 cooled and 
Al hee ? N-hydrochloric acid 
? SN 2 ed and evaporated 
| XIX) f « e fraction 
82-83 ether (I d: C, 68-4; H, 69. C,,.H,,O,N 
( BSS: H, ¢ 1666 ¢ (NH.CO) 
6- Be VIlb) 
lex 80 idded caut sly 
Vilb) which was ? 
re ( H 
\ of passes i colu 
P Spc H to vield the iso- 
Vil 06, 2¥ f 324 14, 262. 302, 318 mu 
+2 +73, 369, 34 0,419 8. 3-33, 3-39 respectively) in EtOH 
24 y-7-mertl sinoliniun lide (VUllb; X 
Vil etha eated under reflux with the iodide 
(VI | »4 | 73 203204 was < the cooled 
cd yr esidue W part cd between cther 
2N ite ne iver was extracicc vith 
SO e (Vill O2le | va met ol (25 ) as 
he! Vi rive further the The two crops 
wel rive the wy le (Villb;: X I), mp 
, 
206-207 i: C, 61-0; H, §3. C,,H,O,NLH,O 1 es C, 608; H sx 25), 
318 238, 278, 292 yw ¢ 474, 3-76, 4-11, 4:39, 3-76, 3-74 respectively) in EtOH : 
>.(3'-Metho 4'-henzy yloxy-7-methox yisoquinoline (AXb) 
The iodide (VIlIb; X~ = I>) was converted into the correspondit pr 
by t Vill x l b 
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from ether, m.p. 106-107" (Found: C, ; H, 7-2. Cs3H3;0,N requires C, 77-8; H, 6°9%). 
227, 287 2 223, 255 (log ¢ 4°31, 3°87, 4-28, 3-38 respectively) in I tOH. 


Amax 


mir 


)}-Coreximine 


(a) By synthesis. Lithium aluminium hydride (0-5 g) was added to a suspension of the quaternary 
| 


chloride (VIIIb: X Cl-) (0-5 g) in anhydrous tetrahydrofuran (35 ml) and the reactants were 
shaken at room temperature for 16 hr. The reaction mixture was worked up in the way used in the 
(+ )-norcoralydine exper nt i e iat the 1,2-dihydroisoquinoline (Xb) was extracted into 

chloroform (3 n ‘ ration of t ried extract an unstable gum (427 mg) 


which showed the following qual ve ul iolet absorption spectrum /,,, 255, 280 (inflexion), 
5:1 by vol. 98%, formic acid : phos- 
ntents of the tube 
irbonate, and 
roform ( ) ts left a gum 
otal met tallizati f the solid from 
nine (XIc) ylourless sm ig 2 lon on 
il prepared om natural - eximine i . H, 6°6 
4°84, 4-17, 
of 8 N-sodium 
3-40 respect vely) 
id (8 ml) was 


was then 


j heated on the steam bath with mercuric acetate (60 mg) for 54 hr The yellow solution 77m 
diluted wit IN care (2? ml) 15 was added and the mixture was heated 
; until a colouriess s ‘ y oot ed. Further portio 15 mg) of c dust were added [rom time 
to time to! t tead c e of hydroge Af ition had been filtere t was basified ; 
to pH 9 vil sod ind ci roiort SU le residue 
recovered It 1 the ex cl } recry i } 
(Ss mg) 230-232 The read and VIO pect pie wer°re lentical with those 
of the yntihetic Dase prepared ic! 
: : The tw ul es ol coreximine we listing ble chromatographically on Whatman 
No. | paper ent ySte ( Spots were eve \ liazotized p-nitraniline reagent. 
Grateful acknowledgement is made to Dr. R. H. F. Manske for a generous gift of (—)-coreximine, 
to Dr. R. Binks Me P.S. Uzze D.C. ¢ eir | pre iry experiments, 
and to the Department of Scientific and | rial Re rch for the award of a Research Studentship 
(to D. J. Le C.) 
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THE STRUCTURE OF AJACONINE™ 


D. DVORNIK 


Ltamong 


(Aen 


*O. E. Edwards 


: 
and ©. E. Enwarps 
Dives Pure Nationa Resear Council of Canada 
(Rec 29 November 1960) 
THe alkaloid ajaconine was givet ume by Keller and Vélker* who found (=m 
the bases ext | wis seed Hunter’ confirmed its presence in 
this plant and | red 1 d Hy recog! i its th basic strength 
(; icon’ < ( ind demonstrated the 
unsal ted base. H i ¢ ng the presence of an 
if ' tionftrom Delphiniun acis 
G n.* Its pK, was found to be 
ysl nm araconine was shown 
by t fact that it for 683 « ’ and that it was reduced by 
DOT \ | | | Kveen 4 nA the 
base wa t ce of thre yvdroxyl groups In 
ca 
1650 « ia C..H..NO | eact exactly parallels the fragmentation 
A 
N | N 
P Chem. & Ind. 982 (1957) 
Nati rw. Prese Research Laboratory, Ayerst, McKenna 
Hi ( 
K iO. Volk 251, 2 iv] 
M.V.H 17 } 44 
1 A. Gow 45 
©. E. Edwards Chem. 32, 465 B. Witkop and J. B. Patrick, J. Amer : 
75, 44°74 } N. J. Le und V. W. 76. 2781 (1954) 
Clarke and B. Douglas, ¢ nd. J. Chem. 32, 235 (1954) 
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The structure of ajaconine 


of the analogous derivative of atisine, and can be rationalized as above® (R 
(CH,COO),C,.H,,) 


The acetoxy carbinolamines in both cases are soluble in hexane and carbon tetra- 


chloride, hence are non-polar. In view of this and the ease of fragmentation in these 


solvents, we avoid more ionic forms of reaction mechanism. The presence of the 


N(#-oxyethyl) system was confirmed by partial synthesis of ajaconine hydrochloride 


from the azomethine diol obtained by hydrolysis of the above diacetate 


evidence for 


Thus the empiric 


similar to those o 
monohydroxvatisine 
proven by degrading aj 


from atisine.” 


Dvornik an¢ 
type of 1 
B Chen 


( hen 


Jacobs, 
Herran, 
ding and 
sented by I 
stem used by 
ca ocyclic 
i essentially correct by 

Tetr thedron 241 (1959) 


rpenc > &/ 
Birch ‘ Smit 


55 
N N 
{HO).C r 
. *) CH 
" This parallels our earli r partial synthesis of atisine.® ind compietes the == 
the presence of the systems A or B in ajaconin« 
N N 
A 
This pre nce at ne Vi r ip ne VAS € tron the hands 
near 1665 c1 1 SY tl Irared spectrum of aja nd it iro- 
chioriak nm irk lation pr If Kaloid nd ir nine 
‘ a4 tiie 
was wil ron i product was for ( n whose 
spectrum the abdove t nad disappeared and carbonyl! absorptior id appeared at 
on rwwested that tl met] nart of ar 
Cl ihe is pal illy! alcohol 
system in a SIX-me ered or larger ring, which rearranged as shown.” 
> 
al formula, properties and chemistry of ajaconin » 
, and the possi! ty was entertained that ajaconine was a 
e identity of the skeletons of the two alkaloid was then 
iconine to a deoxygenated az ethine previously prepared 
‘ 'D 1 O. E. Edwards, Canad. J. Chem. 35, 860 (1957) ‘ 
J 170, 515 (1947 iter by C. Dies 4. E. Lipy 
S 77, 4801 (1955 th Garrya alkaloids. Se« 
Hartman, J. Amer. Chem. S 78. 1216 (19%¢ 
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(see Delow), this will be used for clarity of expositi from t! point « 
us” cont! numbering and with the biosyntl 
A.J h, A. Harris and W. B. Whalley. 
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The above diacetoxyazomethine (1)" was oxidized with osmium tetroxide—perio- 
date combination"™ to a ketol diacetate II. Wolff—-Kishner reduction of this gave a 
mixture of the azomethine diol III] and the monohydroxy compound IV. Hydrogena- 


tion of the mixture over palladium on charcoal converted IV to V. The two com- 
ponents could then be separated by chromatography on alumina. Alternatively, the 
mixture of III and V arising from the hydrogenation was oxidized with chromic acid. 
This selectively converted the &-hydroxyl to a carbonyl. Subsequent Wolff—Kishner 
reduction left substantially pure V. Sodium dichromate in acetic acid" converted V to 
the ketone VI which was then reduced to VII. This proved identical with the corre- 


sponding degradation product from atisine.’ 


The molecular rotation differences for comparable transformations of ajaconine 


and atisine were nearly identical | Table 1) suggesting that the location and config- 
uration of the substituents on the hicvclodéctane system were identical in the two bases : 
Fortunately the alkaloid atidine had just been described and the probability that it was 


a ketodihydroatisine recognized 15 It seemed to us likely that its carbonyl oxygen and 


the unknown hydroxyl of ajyaconine were on the same carbon. This was quickly 
proven correct by Pelletier’®. who converted atidine VIII by Wolff—Kishner reduction 


to dihydroatisine and by borohydride reduction to the dihydroatidine IX. The latter 


proved identical with the borohydride reduction product of ajaconine. Thus the 


location of the exocyclic methylene and the location and stereochemistry of the 8- 


hydroxyl are the same in ajaconine and atisine 


R. Pappo Db. S.A R. 1 Lemicu% nd W.S. Jol or J. Ore. Chen 21,478 1956) The course of the 
o im tetroxid d of d iro ne and dihydr stchine in which C-16 was oxidized rather 
than the exox f viene [K. Wie r W.L. Tavlor. S. K. Figdor, M. F. Bartlett, J. R. Armstror rand 
1 A. Edwar Chem. Ber. 86, 800 (195 Ss. W. Pe tier and W. A. J she J. Amer. Chem. Soc. 78, 4144 
(19%¢ ra o1o of osmium tetroxide with the uns! ired 


16 with the 


tO giv n immonium ior yut due to Ul irge steric requirements of the 
In our 
nts j red pair o ectre on the nitrogen was unavailable because of prior sait formation, 
The formation of olefins on Wolff-Kishner reductior of ketols has been thoroughly studied by R. B. 
Turner. R. Anliker, R. Hebling, J. Meier ind H. Heusser, He Chim. Acta 38, 411 (1955). The olefin was 
isolated during U paralic vork on atisine.* 

44H. Heymar und L. F. Fieser, J. Amer. Chem Soc. 73, 5252 (1951) 

“™S W. Pelletier, Chem. & Ind. 1016 (1950). 

16S W. Pelletier, Chem. & Ind. 1670 (1957) 
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The extra oxygen of ajaconine thus presented the possibility of further testing of the 
postulated structure for atisine.'” Hence there was double incentive for locating it and 
studying its environment. In order to do this we used a derivative containing no 
functional groups but the nitrogen and the undefined oxygen. 


The azomethine alcohol V was reduced with sodium borohydride to the secondary- 
amino alcohol. This was acetylated and partially hydrolyzed to X. Sodium dichro- 
mate in acetic acid oxidized X to the corresponding ketone XI. When brominated in 
acetic acid in the presence of hydrogen bromide the ketone took up cleanly one mole of 


bromine to give the monobromo compound XII. The location of the substituents was 


unequivocally shown by elimination of hydrogen bromide from XII to give the «—$ 
unsaturated ketone XIII. The ultraviolet spectrum of XIII (/ 250 mu) and the 
fact that its NMR spectrum contained a sharp one-hydrogen signal in the vinyl 


hydrogen region are consistent with it being a //-disubstituted «—$ unsaturated ketone 


with an exocyclic double bond."* Three one-hydrogen multiplets between 5-5 7 and 


TABLE | 
Atisine derivatives 


» azomethine dio azomethine alcohol 


, diacetoxyazomethine | acetoxyazomethine 


C,, azomethine keto] diacetate II 1g azomethine ketol acetate 


Cy, azomethine diol III azomethine alcohol 


Cy, azomethine alcohol \ 19 AZOmethine 


17 K. Wiesner, R. Armstrong, M. F. Bartlett and J. A. Edwards, Chem. & Ind. 132 (1954). We considered 


that selenium dehydrogenation of a bridged skeleton at 340° could have rearranged a related skeleton into 
the observed phenanthrenes 
‘* L. F. Fieser and M. Fieser, Steroids p. 19. Reinhold, New York (1959) 


| | 
CH JH CH 
4 
A A Ac-+N Ac+N 
X 
Ajaconine derivatives hii 
CC, 
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7-5 7 are very probably attributable to three of the four protons « to the nitrogen.” 
The remaining proton signal appears to be under the methyl band of the acetyl group. 
If this is correct, it substantiates the evidence from bromination that there is no 
hydrogen on the other carbon flanking the carbony!| Hence we can write the environ- 
ment of the ketone in XIII as 


Cc 


G 


At this point it is desirable to survey the recent evidence bearing on the atisine- 


ajaconine skeleton. A reaction to be described below proves that C--17 is primary, and 


hence that the nitrogen is flanked by two such groups In agreement with this, the 
N.M.R. spectrum of VII had an unsplit one-hydrogen signal at 2-3 + corresponding to 


(half-band width 7-4 cps) and a two-hydrogen doublet at 7-5 7 (separation 


2-4 cps) corresponding hydrogens. The broad azomethine 


hydrogen signal are probably caused by long range 


and tl 

coup! nclusion that both carbons « to 
the nitrogen are att ed to quaternary carbon e methyl signal (9-17 +) in this and 


other atisine his group can definitely be 


placed on a quat 


and three descr 


omoatlisine 


the hetero ring” 


as at least six-membered. 


‘formulation of ring A and 


wed 


These facts are all 


the hetero bridg ndeed it is d it i ncile these an i the dehyvdrogenations to 
l-methvl-6-ethylphenanthren and 1|-metl 6-ethvl-3-azaphenanthrene on any 
other basis.* tepw! les lation of at \ by mild aromatization we 


had converted the bridged system c: the allvl alcohol into a compound containing 


the 3.4 disubstituted pheno te is proved unambiguously the presence 


19 Sex 


4D. Dvornik and O. E. Edwards, Chem. & Ind. 623 (1958). 


H 
mary carbon. The infrared spectra of the 
gu bed below, and the spectrum of a lactone derived fron SC 
a he smallest ring incorporating the nitrogen was as 
W 
ondar a ri DO nid Kctone carbdonyis 
absort See G.V.D. 1 Ex ry N.M.R. stu Project 737602, Minnesota Mining 
M ( St. | M U.S.A 
"©. E. R.H c 6? (195 
A. Jacot 16, 159 
22D. M. Locke a Ss. W. P 81. 224¢ 
23 ition of the insaturated ketone 
XI keto ac The amorphou c ex xygen however, and the attempt 
was 
Ac N 


The structure of ajaconine 59 


and substitution of the bicycloéctane system to be as shown in XV. If the quaternary 


OH 


XIV 


carbon adjacent to the carbonyl in XIII is the quaternary carbon of the bicycloédctane 
system, then the environment of the ketone fits perfectly the suggested atisine structure. 

Thus despite the lack of rigorous proof, in view of the above evidence we now 
accept with confidence the suggested" atisine skeleton, and hence locate the extra 
oxygen of ajaconine on C-9. The evidence to be presented below unequivocally 
establishes the relative stereochemistry and fine structure of ajaconine. It also supports 
the absolute stereochemistry previously suggested for atisine.24 In the subsequent 
exposition this absolute stereochemistry will be assumed for clarity 

rhe configuration of the 9-oxygen was established as follows Methyl iodide con- 
verted the azomethine alcohol V to the methiodide XVI. The base liberated from the 
salt by alkali proved to have no hydroxyl, and analysed correctly for the carbinolamine- 
ether XVII. Oxidation with permanganate converted this base to a lactam still con- 
taining the carbinolamine-ether bridge. Since in no case has it been possible to oxidize 


C-17 to a carbonyl with external reagents (see below) the lactam must be XVIII and 


the oxygen links C-9 and C-] Thus the hydroxyl of V and hence the 9-oxvgen of 


ajaconine 1s “cis” to the hetero bridge. 


XV 


We next consider a unique internal hydride transfer reaction. which gave valuable 
information about ajaconine.*” The azomethine ketone VI was converted to the 
N-methyl immonium iodide XIX. This proved 
carbinolamine XX (pK’, 11-7). When XX was heated with sodium hydroxide in 


methanol two reactions took place. One was the isomerization to the isocarbinolaiine 


to be the salt of a very strong base. the 


H 
4 CH 
H— OH q 
= XV 
| XY AY 
l HO 
Hs CH. +N 
C O 0 
HO 
XIX XX XX! 
2 
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XXI, analogous to the isomerization of atisine to isoatisine. Base XXI had the weaker 


basicity (pA, 9 7) and shift of immonium ion absorption of its hydriodide (1702 cm™ 


compared to 1688 cm~! for XIX) characteristic of the iso-oxazolidines and carbino- 


lamines 
The second reaction produced an amide, 
Its structure was proven to be that shown in XXII in the following 


which in view of its inertness to alKali at 


200° was a lactam 
wav. The hydroxyl configuration was ~ rans” to the hetero bridge since borohydride 
reduction of the k » XXIII derived from it gave a high yield of the epimeric alcohol 
XXIV. Since borohydride reduction o! 9-carbonvls in ajaconine derivatives such as Vi 


.-oriented hydroxyl® as major product, XXII 


and in atidine’’ ga yack the origin 


must Nave a nvaroxyi 


The location of the lactam carbonyl! follows tron the following evidence, Ketone 


XXIII was reduced by the Wolf Kishner method A lactam was produced which 


teruuary 
sodium 

lized to the 
lactam with Sarret igent Vigorous hydrolys f the product gave the hydroxy 
lactam XXVI. 1 proved different from either the epimeric hydroxylactams XXII 
and XXIV. thus the lactam carbonyl of XXII must be on ¢ 17 


hat XXII was formed by internal hydride transtet seemed likely because of the 


absence of any keto-lactam or carbinolamin alcohol among the products Experience 


with other diterpenoid alkaloids of the atisine® and Garrya™ groups has been that 
even when C-17 was at an aldehyde oxidation level. oxidation to the 17-oxo com- 
pounds Is extremely difficult. This is readily rationalized since the 17-hydrogen™. is” 
to the bicvclodéctane system is inaccessible to external reagents Similarly, the 9a- 
hydrogen of XXII could easily have been tri unsferred from C-—17, but is unlikely to have 
come from an external reagent since the x face ol the carbonyl is hindered. 

We thus conclude that XXII is formed by internal oxidation—reduction. The 
mechanism of its formation is discussed further below Aside from the intrinsic interest 


> We use a and /) to designate orientation dciow nd above the plane of projection respectively. 


* We are gratctu! to Dr. R. How who carried out this experimm 
? G. 1. Poos. G. E. Arth, R. E. Beyler and L. H. Sarret J. Amer. Chem. Soc. 75, 422 (1953) 
2? S W. Pelletier and W A. Jacobs, J. Amer. Chem. Sov 76, 4496 (1954) 


i 
CH wr 
Fie! 
XXV 
O 
| 
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in the new type of hydride transfer reaction” these observations gave the first proof 
that C-17 in the atisine and garryine groups of alkaloids was primary. 

With the skeleton and location of the substituents on a firm basis, it is possible to 
discuss the stereochemistry of ajaconine with confidence. The A: B fusion was proven 
by the formation of XVII, since the 9:17 oxide could not form in the cis-fused alterna- 
tive. An anti coupling of rings A and C follows from the fact that the 9-hydroxyl in its 
original «-configuration is equatorial. The evidence for this is the high frequency of 
the C-O stretching absorption in XXIV (doublet at 1077 and 1082 cm~') and other 
9-hydroxy compounds contrasted with the corresponding band at 1054cm ! in the 

i-hydroxy compound XXII. In addition the C—O stretching band of the acetoxy 
group in the acetate of X was a single sharp band at 1236cm~*.” A 9x-hydroxyl on a 
trans—syn skeleton would have to be axial as in XX VII since ring B would have to have 


a boat conformation. while o ie trai mti skeleton with ring B in a chair confor- 


mation (XXVIII) it woul 


bove cannot be 


accountec 
] 


With the srans—a fusio1 yven*= the arguments put for the location of 
the ally alcohol system on the h of the bicyclodctane “trans” to the hetero bridge 
are validated 

We are now In a position to consider the fine structur ola nine Dihydro- 


atisine XXIXa and dihydroajaconine XXIXb have comparable moderate rotations 


(M 154° and 150° respectively) hence the 9x hydroxyl contributes little to the 
rotation. Similarly the oxazolidine atisine XXX has M 


compounds having a 9:17 carbinolamine-ether have large rotations.“ Com 


However! 


be equatorial as required. 
H 
~ 
xXV 
‘ Iwo lines of evidence confirm this conclusion. The arguments advanced earlier® 
for the origin of the extremely gh bas strength of atisine, based the repulsive ; 
interaction of the 10:17:19 hydrogens when C-—17 is tetrahedral, and the oxazolidine 
oxygen: C—5 hydrogen repulsion are only valid if the skeleton is trans—anti fused. 
In the syn skeleton as in XXVII carbons 5 and 19 are remote from carbons 10 and 17. 
Secondly, the inertness of C—17 to external oxidizing agents discussed 2 i: 
pound 
I 
=* See N. C. Deno, H. J. Peterson and G. S. Saines, Chem. Rev. 60, 7 (1960) 
R.N.J P.H K. D ( ) 73, 3215 (1951 4. R.H. 
R. N. Jo K. D 74,4 | cy of the alcohols 
iN. J. Leo i, K. ¢ R. R. Sauer, J. A Soc. 80, 518 58 first to specify 
1S. W. Px Che & 1108 (1966 ive rece presentec irguments for the 
if, ol ort CT nmoiccular shape a B cha res irom a 
cha o boat conto H the ox on ¢ configuration hithert known for atisine 
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XVII had ind XXXI ar oOndins } unsaturated ketone 
fXXXI(M 


. 
ae. 
ry CH 
a 
yyy ‘xy 
L 
iF 4 
a4 
xX 
ind the 
hoat 
t nd 19 
mation A 1 reactions Of ajlaconine del tives whic! ustrate this turtner 
The internal hy ie transfer reaction described above requires that ring B be a 
M ci v7 a4 
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boat in the transition state, as illustrated in XXXV. Here the trigonal state of C-9 


lowers the energy of the boat conformation 


AA AY 
\ na Ist 1 the portal nior ring B in 
anhy | fthe N XXXVII and of 
prod XAAVIT 
~ 
Fir iv. ind 
pound with ri 1S 
it 1S ax rit B ust XAXAVITT 
(HBr catalyst Itt 18 Omitted U ptake 
action with the methyl group. 1 must ra xidation potenti f the dibromo 
be ‘ ‘ 
0 Cc. D 
McG ‘ 
1 ¢ j 9. 


nm vact 


ketone XIII. 1 


carbonyl! bands 


and 


N.S. War 
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nt where it oxidizes HBr when this is in high enough concen- 


ine present 
‘bromoketone is under considerable compression from the 
bicycloéctane system. This and the 

he very facile pyrolysis 


t 100 


pound was heated for 2 hra 
unsaturated 


since the lithium 


latter, 
procedure gave as much as 
yw. Unfortunately, the sensitiv- 


f the absolute configura- 


of conjugauion in 


ketone) The most 


) red cuon oO 


XL* and XXIII had intensities « 


1A.R 


73 (1956): Cookson 


tration relative to the bro 
The bromine of the mort 
three axial hydrogens ind 
‘ true cis relation of the ajace 
(uO If Was transi ed in d yield to the hyd 
Rs his proves to be the best way to prey 
chloride in dimethylformamide dehydrobrominat« 
60 percent of a ntriguing side reaction described bel 
ity of the bromocomy le its Us¢ the determination | 
tion of ajaconine by application of the octant rule hazardous 
The maior byproduct of the lithium chloride catalyzed dehydrobromination of XII 
was a base analyzing correctly for C,,H.-ON showing no evidence 0! iii ==: 
its ultraviolet absorption, and having 1696 c1 (isolated 
likely st tu ed to be XXXIX | ; was pl en correct i «the 
y-aminokectone sy ‘ d acetic a ar the product being the N-acetyl! 
ketone XI. (It it 1 N:f ) bridge is been postulated [for 
hunoot Soh Sink electron pair on the amide nitrogen Is 
4 
i 
4" 
act 1 ne 
\ ly Of the 
. ( ) tre Xl i Vi by O-/5 
rep! SSA. W ne | orrela data tron 
these and 1 later paper 
+} | } ne 
spe tra Iwo notevw xamples were [ol nd in WOTK he lon Waveieneti 
of 10) and 99 respectively, three to 
Sak Ch t P 1. Bu 7 1989 
E. Ex 32, 195 (1954) 4. Marchant anda. Pinder, J. Chem. 
Soc. 32 19S¢ E.R. H.J G. H. Ma d and M. C. Whiting, /bid. 40 
ivar, (bid. 2302 (1956) 
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These must be effects of the C==N and lactam 


five times that of isolated ketones. 
carbonyl dipoles on the n — 7* transition probability. 

Oxazolidines or carbinolamines with the oxygen on C-17 in the atisine, ajaconine 
and garrya alkaloid series (type XLI) rearrange on heating with alkali in high yield to 
the isomeric compounds with the oxygen on C-16 (type XLII). However, attempts to 
rearrange ajaconine itself gave a mixture, and the N-methyl 9,17-ethers XXXI and 
XVII failed to isomerize. We hence concluded* that the driving force for the re- 
arrangement is absent in the internal carbinolamine ethers (type XLIII). Inspection of 
Courtauld models showed that the only major interaction relieved in going from XLI 


to XLII was that between the 17-oxygen and the nearest hydrogen on C-5. This 


destabilizing 


lack the 10:17:19 hydrogen interactions present in XLI and XLII and the inter- 


actions of the free hydroxye vi Chain wi € I A hy ens 1s provaDd than 

that of the oxazolidines. In addition an entropy fac r must ! rt € ij etner 

over the oxazolidines. It is thus not surprising that the 9:17 ethers are the more stable 


of the states represented by XLI to XLIII 


45 B. Witkop, J. Amer. Ch 
*? R. Adams and J. E. Maha J. An Chem. S 64, 2588 (1942) 


1 
 K. Wiesner and J. A. Edwards, / xperimentia 15, 


2 (1955) 


OH 
XL XLI 
Gs factor is absent in the 9:17 ethers. The internal carbinolamine ethers 
14 hine ine4 no hy 
The ariving torce tor the atusine to 1soatusine veatchine to garryine 1 Cauacni- 
chicine to isOcaua hic ne*’’ conversio! must t I n view of their common stereo- 
It) nteresti that desnite ft la e character of the inter! irbino- 
lamine ethers, t ilts of nd XVII n im salt see! 
nitrogen For ex I e ¢ tenc it 
secondary nitroge! I ence oT ol u ituration, and tertiary ena nes are 
very stro! has 19 
7 i} COT | Or ralat ind 
thetic postulate of Wenker cl ps f alkaloids would ive tne 
same stereochemistry about their bicyclooctane systems 
Jac B ( 147, 5 
S. K. I M. F. B D. R. H ( 1. J. Chem. 30, 608 (1952) 
P tier, J. Amer. ¢ 82, 2 
Note We ( confor or sof S 
Pelletier [Proc. Chem. Soc. 14 (1961 ind co ‘ y rea gement XX one other 
N-methyl 17-hydroxy compound (unpublished work) to the 16-hydroxy compound validates the 
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XLIV 


1 a diterpene XLIV bearing a 
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room temperature. (Found: C, 69-60; H, 9°67. Calc. for C,,H;,0,;N-H,O (379-52): C, 69-62; H, 
9-83%). 1.R. max 3350 (OH); 1795 cm~', 1652 cm™, 895 


Dihydroajaconine triacetate 


4 solution of 116 mg (0-306 mmole) of « oajaconine monohydrate in 10 ml of 1:1 acetic 
anhydride—pyridine mixt ft for 19 


is le 


dryness 

hydrogen carboné 
} 

whicen event 


product meited at i335 


Calc. for C.,.H,,O,N (487 


93 cm CH, } 


vield of 


3450 cm~' (OH) 1705 


*(OAc), 1650 cm 


1a comparable run 


th loot 
ttl > 


e was collected an This 


neutral 


cl 


tne cniorolorm Was recrysta 


mg of 


This was adsorbed on 20 times its weight of neutral alumina, activity 1. 


ed pre e an le residue C etween ether and an aqueous dium ; 
e solutio Evaporation of the solvent left a quantitative yield of a white froth 
F stallized from n-pentane. After two recrystallizations from aqueous acetone the : 
135°; —92 + 2°(c,1-11); Mp —448 4 9°. (Found: C, 69-11; H, 8-35 
62): C, 68-96; H, 8-48). I.R. max 1738, 1728, 1246cm-" (OAc): 1656 
Isomerization of dihy nine 
4 solution of 41-5 mg (0-11 mmole) of d jroaiac e monohvdrate 101 f dioxane was ; 
atmosphere of nitro [he s € rate dryne 1 the ie distributed 
between 3 N aque ; rb< te nm er. Evaporat f the vent left a quanti- ; 
PC faintly y hicl ed to cryst ze. I.R. max (chloroform) 3550 cm, 
(six-membered or larger ring ketone) 
Diacetoxy -azomethine | 
5 4 solution of 8-96 ¢ of c € 52 ml of methanol was cooled in an ice bath, then carefully é 
neutralized using | N | roc ric acid The solut is evaporated ir ; nder reduced 
pressure, g i a white frotl | vas dissolved b I y wit 45 ml of p c 145 ml of ; 
em Isifie with 1”) carhe tet vat ce-c id 
potassium hydroxide solut \ e layers 
separated d the ive CE ride. Thec ed carbon 
en ed T} ke in ce re te tion 
volumes of 3 N sulfur cid. 7 cid t ‘ Ch th ethe the ¢ bined ether : 
layers washed \ ‘ W he [ ec ed 530 
which crystallized spontaneously. The acid s vater was ere made alk ¢ sodium 4 
[he hexane solution cont ed 8-7 g of crude cetate \ bec 56 g of 
neutral alu 1, activity Hexane, benzene, De e-cther mixtures and ether ¢ a5 59°.) of 
quite pure diace i4 recry ) gave 146 ‘ 
and 77 1-06), M As t t 147°, 5 1O-* n elted at 152-154 
(Found: C, 72:35; H, 8-48. Calc. for C.,H,,0,N (399-51): C, 72-15; H, 8-33 1.R. max 1737 
(CN) and 907 cn | 
emulsific i {| trophenyll I € 20 sol n of acetic acid in water. The 
PLCC 


D. Dvornik and O. E. Epwarps 


) of golden yellow solid, which when crystal- 
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C,,-azomethine alcohol V and its methiodide 
Crude product from Wolff-Kishner reduction of the diacetoxy azomethine ketone II was hydro- 
genated over palladium (uptake approximately 20 mole *,). The resulting mixture of C,,-alcohol and 


diol (approx. 350 mg) was oxidized overnight with chromium trioxide in acetic acid (1.5 atom equiv of 


oxygen). The product was reduced by the Wolff—Kishner method, giving 300 mg of product. This 


was chromatographed on 6-4 g of neutral alumina, activity 2. Forty ml of 50°, hexane-benzene eluted 


104 mg of quite pure C,,-azomethine. Sixty ml of the same solvent and 30 ml of benzene eluted 


42 mg of mixture Benzene and 20°, ether in benzene eluted 80 mg of crude ¢ , azomethine alcohol 
V. The remaining 43 mg of eluate was amorphous 
After recrystallization from acetone-hexane and aqueous acetone V melted at 252°, [a] p 
1-0), M, S86 1.R. max 3160, 1084 cm~! (OH), 1659 cm~'! (€ N). (Found: C, 79-56: H, 10-05 


for C,,H..ON (287-43). ¢ H, he methiodide rm adily when methyl 


iodide was added to an acetone solution of the base t meited at 5 ] “ - H, 7-49. 


ic, 


1 of 34 mg 
tempera- 
nder reduced 
ne product 


11 Three 


preceding 


from 


ound: 


lycol contain- 


th at 195° for 


ne alcohol Vv. 
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Calc. for 1672 ©) 
Chromic acid oxidation of (¢ azomethine ketol) 
To a solution of 128 mg (0-42 mmole of ILI) in 1 ml of acetic acid was added a solut 
(0-34 mmole) of chro 2 f90 ce cid. TI vas left for 15 hr at 
pre re I esid is p , trated amn ter, an 
extracted into <« f After o1 ecrysta tion fror cetone—hexane nelted at 2 
more ¢ ti fro e same solve xture raised the m.p. to 210—212-5°. I.R. max 3120, 
1083. 1075 ¢ (OH). 1723 ¢ ( O). 1660 ¢ (¢ N). (Found : C. 75-98 H. 8-90. Calc. for 
C,,H.-O.N (301-41 ( 5-71; H, 9-034) 
was I 1 to 200 eq tner I ind 
‘ extracted th « rot | for bach ed vate | p C 83 meg of 
vhite d)crys iceto | p. 251 1-0), and proved identical 
in all respects wit e ( hine alc 1 \ 
N-acetyl carbi mil t} XXVI 
The xture ol pr ctl Wolff—Kishner reduction of II sce 
section) (2-28 etic eft for 20 | t perature. The 
t was ren \ by 14 hr reflux potas- 
ind 3N iric acid Os ft C |3 f t The base was partially 
separated by chi tography itl 1\ 
; The neutral frac ” from be ya 20-f ratio of alumina of activity 2. 
Benzene, benzene-ct ‘ ethe ed & yr of XXVI Aft ec! on 7 
; pentane this elted at 144 IL.R. max 164 N-acetyl), 1025, 1017 ¢ ether zz 
C, 76°73, H, 9-31. Calc. for C.,H,,NO,: H, 9-48 
‘ N-acetyl carbinolamine et from Ill 
A 2 nethano eth xture ted a 590 the itogram. After 4 
four recryst tone melte t 224 1: ¢ 2-87: H, 8-96. Calc. for 
C,,H,,NO,: C, 73-00 H, 9-0 
Hydrol) of XXVI 
4 solution of 537 mg of N-acetyl carbinolan XXVI 5 ml of triethylene ¢)\ iE 7 
ing of pot re le and 3 drops of yal ev heat 
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of potass wd The methanol was 


ylene chloride 
sprayed with 
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ior 
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lrops 


10 ml of 70°; aqueous methanol containing 0-5°, 
removed der red d pr water nd the extracte vitl ne 
: Removal of the solvent e 56 mg (87 ! product which cryst ed « % 
ether After being rect illized fron cetone n-Nex the iqueo ek 
melted at 228 44 ? 0-93): M 14¢ 7 C. 76-4 H 
(331-48 609: H. 10-03 IR 336) OH Sc 
of t 190 pr ct co ted of 1 f unchanged X 
{cetate of X 
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Ml 4 H ( H..O ( 9-45 ) 
N- Xl 
\ for 
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» 4 >, Ketone) 
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1} cry 
afte | 1) rable 
hy entic 
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Deh) »romina XI 
B ke XI dry 
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by The bromok ef ) L of thvlformamide 
nd 31 me of littl cl 160 carbonat After 5 t 105° the soivent 
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ne 
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icetv!l ketone XI 


the base in O-5 n 7% acetone 


nstantly n the dark the solid was 


formed irly 


from methanol—acetone mixtures its 


O: C. 56°20: H, 7-08”",) 


on 


for CooHyol 


and 3 mil of etl 
After two recrystalli 


collected, giv 
, 5649; H, 7°07. Calc 


ny 
291-25 (Found 


m P was 


was removed undc p e residue treated (a). Forty-five n rams of neu 
\ rpl ) Ke e X11 (48 mg) was n t ed at 100 der 0-1 mm pressure for 2 hr 
I he oro 640 con bul ly a very 
sn e. B ribution betwee nethylene 
the ne prod 
N-ace urate Xl 
elt chro ral mi 25-f ctivity 2), followed 
by t 0-4 300). 329 ma 16): 
LR x 1664 1 ket 644 cn Ic I ma: « 16-88: H, 8-83. Calc. for 
C,,H.,,.NO, (327-45): ¢ } 
Oxidation of 
I rated Ke 4 soluti {43 of XIII 
in 0 0 fy permang te 
pr 
( f te (48 were 
The 
R 
; ( H B4: ¢ 
( } ( ( Hi 
He XLI 
( ( H.- NO: 
if hi 
extract Cte 6 N sulfuric acid. The 
22 of et ene ¢ le Cry ed readily 
Hexacyclic base methiodid 
When 0-25 ml of methyl iodide was added to lut 
| 


he structure of ajaconine 


Hoffmann degrac methiodide (55 mg) by 4 hr heating with potassium hydroxide in 
: 

aqueous methanol \ g (92".,) of a hexane-soluble oil. The nor illine perchlorate 

base h d i! tv le 


“Crysi 


laving ly weak end absorption and a low intensity peak at 275 my 
(carbonyl) 


extractec 
This wi 


lve 
iS 


133 


Attempted isomer 


A solut 


a 


n taining 0-8 g of potassium hydroxide was 
refluxed in a nitrogen at ! ; 


(c. 0 pK, 10-5 


126 > 
vere i 13] 


"3. Al 
Walk 
Chem 


tenburow, A. F. B. Cameron, J. H. Chapn 
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er, J. Chem. Soc. 1094 (1952). F. Sondheimer 


; anura, rquiza and G. Rosenkranz, J. Ame 
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N-methyl carbinolamine ether XXXI1 
. The methiodide of the ¢ 17 ethine diol (220 ng) was dissolved in 5 ml of water, the solution ; 
cooled to 0 nd 10n | viene chlorid ded The two yer vere mechanically ter lispersed 
and ice cold 50° pota roxide added. The layers were separated and the aqueous layer 
| wice more wit ene chloride. The organic layers yielded 118 mg of colorless oi] (74°) 
: in pel tane nd hitered irom 4 Mal orp! Ou aterial The resid ial oil had 
[x]p (c, 1-07). Its pA; was 10-6 ol titrated with 0-05 N p-toluenesulfonic acid 
in ethanol) The o Vas dist lled Cacuo (Found ( 76°68 H, 9-48 Calc for ¢ H 
(329-47): C, 76°55: H, 9-48°%) 
unsaturated me XXXII 
4 
Active manganese dioxide”*® (1°36 g) was suspended for 4-5 hr 1s tion of 92 mg of XXXI in 
; ethanol-free cl re lt The filtrate va contained 
Tin of crv | rect fre cetone ving pr tic needles 
m.p. 146-148 sul for a It had 102 0-9 M 3¢ 1.R. max 
1706 cn 635 875 CH.) and 1044 cn (C—O—C] : 
/ . 222 n 6840), 334 02 (ft ( 17-2 H, 8-78. Calc. for C,,H,,NO, (327-45) 
C, 77:02; H, 8-93%) 
Carbinoian Ce XVII 
It ed alkali- 
(c, 1-04), M ( | ( ( H..INO (4? 
may 40 ¢ OH ‘ 
The base | ex nr m.p 
155 216° (c, 0-74), M ) iron carbonyl 
regions. (Found: (¢ 82: H, 10-43; Cale. for C.,>H,, NO (301-46): C, 79-67: H, 10°37 
iction of alkali on me e XIX 
4 solution of 197 mg of the methiodide and 362 mg of potassium hydroxide in 10 ml of methanol 
was refluxed under 1 ven for 3 hr. The methan removed der reduced pressure, and the 
product distributed between ether and 6 N sulfuric acid. The base recovered from the acid solutions ; 
? was neutralized with hydriodic acid in methanol, giving 55 mg of the crystalline hydriodide of X XI. 4 
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After on 


reduced with sullur 
ammonia was added 
| ind 


refluxing with 


2 mg of crystalline neutral product was recrystallized 


14 
The ether lavers vielded 80 mg of neutral product which crystall red spontaneously re- 
crystallization fro cetone 55 mg of pure lactam alcohol XXII vas obtained 
Hvydriodide of XX! 
» } AY nee if cl at cl { ile x! res neited ratner 
nitel ind 328 | i: C. 563 H. 7-09. Calc. for CygHg.ION (427°37 C, 56:20: H, 
7-08°.). I.R. max 348 (OH), 1700 « (¢ 1 1685 en 
Lactan 
Atte ecry e-hex his t 244 05), M 12 
LR 380 OH »0 1: ik: H, 9-70. for C,,H,,NO 
317-4 C, 75-67: H, 9:34 
Li e 
$4 XX cetic | xtul eft 
The 
e. I 2 1-73), M 
IR 280 n Fo i: ¢ 76-00 
H ( C.,H.,.NO 14 ( H, 9-2 
Hy n XXIN 
t \ ic ”) m.1 fter 
yr 03 \ the \ act 
meit »0) 121‘ U-¢ M LR 405. 108 10 cm 
OH 20 ( 75-83: H, 9-68. Calc r C.,.H.,NO, (317-46): C, 75°67 
H, 9-84.) 
Wolff-Kisi luction of XXIII 
é ctam ketone XXIII was dissoly f triethylene glycol and mi of 
The residuc ( f the for vas d ve el 1 the ition washed twice 
wil N ri ter ether ‘ 321 rol pre ct of whict 29 n 
m.p. 128°. 125°. ¢ 10 It 0-61), M 108 I.R. max 
1642 cn (amide). (f i: C. 79-58: H. 10-24. Calc. for C..H,, NO (301-46): 79°67; H, 10°37",) 
Hyd y lactam XXVI 
! The methiodide prepared from 94 ¥ (0-327 nole) of ¢ izomethine alcohol V was left for | hr 
with 202 10 ot que sn The 100 oily product 
. was acetylated by 30 ¢ » at 100° with 10 mi of 1 cetic anhydride—pyridine. The product 
Wal 112 vil LR CS.), 1738 cr OAc A 
dioxide and the soluti en taken to dryness under reduced pressure. Aqueou 
q and tne p oduct extract to etner! The ether lavers were washed with 6 N su 
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five times from ace hexane 178°. A mixture 
with hydroxy lactam XXIV melted over a wide range starting at 163 ni 322, 1090, 1080 cm 
(Found: C, : , 9°70. Calc. for ¢ » (317-46): C, 75-67: H, 
ter 4 hr refluxing 120% 


tone It had m.p. 216°5 
(lactam) 
er nitrogen with <¢ 


1 wast 


ecovered quantitatively il 
aqueous ethanol 


(OH), 1618 cm 
9-84",). The compoun 
solution of potassium hydroxide in 50° 


Lactam XXV* 
ym 150 mg of the bs vas dissolved in ml of 80°, methanol, 130 mg 
t roo! smperature for t hours. The solvent 


er The 


;cn 


d Mr. H. Seg 
Dr. H. J.B 
\ K Bo | 


was evaporated, dilute 1 carbonate soluti ided and the product extracted into eth 
153 mg ol product fter four recrystallizations icetone melted at 60 nd had [x}p 71° (c, 
0.93). nd: C, 83-74; H, 11-36. Calc. for C.,H.,.N: C, 83:56: H. 11-57 
. The above N-methyl base (35 mg) was dissolved 2 mi of pyri ine, and the solution added to a 
mixture of chromium trioxide (55 mg) and 2 ml of pyridine. After 20 hr at ro ym temperature sulfur 
dioxide was bubbled into the cooled solutior The pyridine was removed under reduced pressure, 
dilute hydrochloric acid added. and the neutra product extracted to ether The ether was washed : 
sae! with water, dried and evaporated. The 22 mg of product crystallized readily. The product from two 
runs was combined (51 ind adsorbed fri exa to 1-5 g of i grade 4. Thirty milli- 
liters of hexane eluted 31 mg, wl Iter recrysta irom pent 13¢ x} 
57° (c, 0°69). I.R ix 1650 ¢ (lactan (Found: C, 79-91: H, 10-20. Calc. for C..H.,NO 
j C, 79-6 H, 10°:37°.). The cta was recovered quantitatively after 2 hr at 200° under Wolff- 
Kishner conditions 
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the plant are respons- 


ed in a pure 


in the chemistry of the at sine-type diterpene alkaloids 77 
State inclucemec, atidinc, humm, heteratisine and a benzoyl derivative of the 
lattes The predominant alkaloid, atisine, is a clear varnish-like base which was 
first described and named by Brot ton in 1877.’ Numerous crystalline derivatives 
; were subsequently reported®-' but the correct molecular formula (C,.H..NO.) 
remained unknown until the work of Lawson and Topps The pioneering studies 
of the Aconite alkalox WW ter A. Ja OS and sc aborators at t e Rocke eller 
Institut re init ed it ry _ da ener f indation for sub- 
Unfort le 1 that ethyl group in 
G | ‘ es 
| tior 
e of Bi4 ‘ la 
4 
ot itc n chen stry dat xX ray r\ ta SV esis. 
| B B B 
M.D 214, 19 
H. A. D 69 
ce W. A. Jac 16, 
K. W M. F. B D. H id. J. ¢ 30, 608 52 K 
Wiesner, W. I. Taylor, S. K. Figdor, M. F. Bartlett, J. R. Ar and J. A. Edwards’ C/ Ber. 86, 800 
1953 
* K. Wiesner. J. R. Armstrong, M. F. Bartlett and J, A. Edwards, J. Amer. Chem. Soc. 76, 6068 (1954). 
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B. Gross structural features 


An important piece of evidence bearing on the skeleton of atisine (10) is the 
structure of the C,,H, 


N base obtained initially by Lawson and Topps" and later by 


Jacobs 


from the dehydrogenation of atisine. This base, together with the 1-methvl- 


6-ethylphenanthrene (1: - also obtained, ll but 


hree carbon atoms 
of atisine and relates the By analogy 
with vex nine nec | t would b 


ethyl-3 


7 
iv 
GS -azaphenanthrene (13). This has been demonstrated by an unambiguous 
synthesis from 7-ethyltetralone-1.™ 7 provides tl t posit viden 
ria) 
zi 
| 
\ 
4 6) bond 
hand 
\\ \ ( / 143 4 
( ru \ i170 4 
\\ \ 
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Definit lence on this point is now available in the case of =’ 
itive cvid 
| 
und Edward n that ct yn of the ¢ azomethine alcohol (16)" gave 
} icetviation. s« yvdrolysis and oxidation gave 
. f i | nd dichromate ox ve the bisnor-keto acid (19), 
1712 1) ed by gave 
i cry 
1734. 1639 } Formation of the latter, 
H 
* 
ete 4 
| at ( 
ac | 
| 
i 
SW. P 
W , J L. « ( iB Chem. 143, 589 (1942 
*” D. H. R. Bart D. A. J. by und B. R. Thomas, J. Chem. S 2056 (1955) 
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OH 
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sechion, atisine 


CH CH 
0 f OH 
CH 
OH CH CH 
‘ 
CH H at 
23 24 
ind isoatisine are reduced to dihydroa ne (9) v sated with ethanolic alkali at 
high temperature Dehvydro f vith seleniu epimeric 
ines (24) ai yi-6-1sopropyl phenai ene (25) Had the methy- 
Mt group been located at C(8) or C(19) ould expect to obtain either 1,6- 
dimethyl nant (nyi-O-n-propyipnenant enc iormation of the 
; or ( * Asid stereochemica l I are discussed in another 
( Remova ferpen 
() nificance rela eto the ] 1d1n alisine alkaloids to diter- 
: penes of established stereoc fiiculty in removing the nitrogen atom 
Since both posit e nit n are iternary, Hof nn type degradations 
are ineffective. What tht appear t part irly susceptible group for an 
attack on it ea (20) This masked 
bol y with per ce chi also conditior the Wolff-Kishner 
mild reaction wv ity * Treat nt witl Ol icid gave as th 
major product a ) whicl iS Ox1d1Zed with bromine water to a 0-lactone 
(1725cm™~*). The hemiacetal was converted successively to a primary alcohol (28a), 
41 W. A. Jaco rR Chem. 147, 567 
=s. W. P 
“DPD. Dy k and O. E. I ‘ & Ind. 952 (195 
Reacti of ve b of amid ind amines by R. Huisgen and hi 
collaborators | inn. 599, 161, 183 (195¢ Ibid. 601, 1 (1956) 
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83 
and the elucidation of 


the structure of ajaconine™’ allow the keto function to be 
assigned to position 9 in atidine (29) 


IV. THE CHEMISTRY OI 
The delphinium alkaloid ajac« 


since it 1s the first 


AJACONINI 


mnine** (D. ajacas), is of especial interest 
reported example of an atisine derivative occurring in a delphinium 
species.” Ajaconine Ww hi the same carl yclic skeleton as ati 
conversion to the oxygen-free met] 


obtained fron 


That the secondary ne position ai tereochemi- 
stry in ajace a companion 


ihydroajaconine 


rmation 


ayaconine 


» of 


CH 
36 

that the internal carbinolamine ethe 
from the N-26 


r 
-hydroxyethyl system as in atisine 


volves the 9-oxygen atom and is not derived 


The subsequent discussion of 
ajaconine chemistry will be based therefore on this revised structure (36)."’ 
D. Dvorr 
SLA 


ik and O. E. Edwards, Prox 
Goodson, J. Chem. S 
Dvornik and O. I 


Chem 305 (1958) 
245 (1945) 
Edwards, Proc. Chem 280 (1958). 


Ajaconine Atisine 
32 
of atisine,”’ to a mixture of epimers, one of which is identical to dR 
OH CH. OH CH OH CH. 
H “OH 
* 
7 
CH. CH, CH, : 
33 29 34 
(33).%° Since atidine d be n yusly converted to dihydroatisine (34), it is clear 
Initial observations on the behavior of ajaconine, including its high pK.’ (11-3), 
an anhydronium chloride {I.R., 1683 cm~', >C==N< } and the smooth 
Hofmann-type elimination of the acetoxyethyl group of summmmamme triacetate to give 
an azomethine base, led Dvornik and Edwards to assume===—===tained an oxazolidine 
ring system (35) such as occurs in atisine.** Their later work, however, has shown 
CH 
CH, 
C 
. OH OH 
OH 


S. W. 


hydroxyl g1 


oup resulting on opening of t 


he positi 
o wa 7) was oxidized to the 

vl carbinolamine (39). 


correspona 


unsatural 
compound 


in ethanol 


The 
etner I 
correspo 
Hot methanolic alkali transformed (39) into a mixture of the fa iso 
ompound (40) and hydroxy lactam (41)3380, 1054, 1620 cm iter Was ; 
n 
\ | 
> 44 
2 
itural Kel (44) 1664 c1 
4 ) ( { fy) et | | ixiImu at 
, } We vit the < ited value of 244 tor a 
a ib titut eX cd ible na certain NHNasic 
ket TC have been wn i ibsorD al ibnorma ri wave leneths 3 
(45) is reported to absorb at 227-5 my in methane and at 232 m a. 
R. B. Woo 63. ? | 64, 76 (1942 
M. ». 190. R old, New York (1949) 
E. M. Kosowe iD. Cc. Re Tetrahedron §, 281 (195 
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However, (45) may not be a good model since the geometry of the heterocyclic ring 
is different in (44) 


CH 


N 


as 


ved from the 9-oxygen is 


ajaconine 
de (46) with hot, methanol € ’ The 
cyclization 

f (47) with 


the amide 


(c6840). 


be shown 


he 5(H) aton 
, 


difference 


n 


between atisine and tsoatisine (see p. 91) 


V. THE CORRELATION OF THE ATISINE AND GARRYA ALKALOIDS 


In a recent review Wiesner recounts correlation of the Garrya 
alkaloids and atisine by vigorous acid isom dihydroveatchine.” It was 


naccessibility 


3 
Th t the rhiy lamin 
nat the Carodinola ine unction 1n 
suggested by the behavior of the methi 
a product is a hydroxyl-free base (47) [pK 
product derived from the 9-hydroxyl and « 
permanganate eS a carbdinola e ether lactam (48) {1655 cm witn 
ry 
> 
4e a7 
arb at C(16) or it ed in ether formation n (47) A 
pa Cl | | ae (49 iS more con- 
mcu ince prod relat ** Conversion of (49) 
‘ CH. 
CH 
4 
N > N 
49 685cm': oK4 ‘ 
Since base and ne have ide! é 10-6) and eg rotations, it 
te |} lhe y at 7 ‘ re 
The fact that tl ‘ 17 nd nat hy Lalit 
C(16)—O—-C(9) ethers d Edwards to postulate 1 { the driving torce tor the atisine- : 
soatisine type mOmerzation 1s the eric compre ( between the C(17) 
oxygen and While this explanation has some validity it will 
later to be tself, of accounting for the sizable free enercy 
* Formation of a 17-carbonyl group by intermolecular oxidation is not possible because of — tt 
of the 17-hydrogen atom [facing C(19)].* 
Reference 4, page 52 


vation of dihydrov eatc hine 
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common to most diterpenes, the allylic alcohol would occupy the cis bridge (with 


respect to nitrogen) of the bicyclo-(2,2 


.2)-octane system. However, our own results™ 
and those of Edwards” clearly indicated otherwise, so it was of interest to effect a 
correlation of atisine and the Garrya alkaloids by a less ambiguous procedure. This 
was accomplished by converting both atisine and veat e, by a parallel sequence of 
ve azomethine acetates 

| were 

cation 


agitions 


esters 


Oxidation of (538) with permanganate-periodcate under carelully controlied 
rave the respect dicarboxylic a Saponification of the dimethyl 
(SYD) gave (S¥c) nsi I romid (60) utilizing the 
4&1) ( my ul | | Des 1uri 
VI. STEREOCHEMISTR HE ATISI? ARRYA ALKALOIDS 
4 
R 
64 | 
Solo and P 
Gar | | br nce of ethe een C(9) and 
{ ) OF ajaconine te caer i es that the etne n and C-17 
be ina l.4 pt B.S it can be wn that 
only the cis-perhydroisoquinoline syst with an A/B-rrans-fusion (65) satisfies this } 
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h 
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Differentiation between 63a and 63d is possible on the basis of two observations 


from ajaconine chemistry: 


i, a very large negative shift in rotation accompanies 
formation of the C(9)—-C(17) oxide bridge and ii, spectral data show that the hydroxyl 
derived by opening the C(9) oxygen of ajaconine is equatorial.” If isomer (71) 


represents ajaconine, the open form (72) may be pictured as having ring B as a chair 


with an equatorial hydroxyl at C(9) which is transformed to a boat in the closed form. 
Since a major co rmational change is involved in this transforma , one would 


expect a dram: ift in rotation—\ h in fact noted. 


finiwson 
may be absorbed s! 
seen by viewing the molecule along the plane described by atoms C(6), C(7). 


C(14), C(9) and C(10) as shown below. 


Ss. W tier and D. M. Locke, unpublished obs 


R H R 
N N " CH. 
CH. H 
If. however. ajax ereoche Oo 65d) VGroxyi at 
must be p ck if | C(17) But the ( vdroxyl 1S 
known to be equa | er! ' on of an ether | e between C(9) 
and C(17) would rt, but not i t ring B, thus not accounting for the 
Strain i e DICV< CT te! rt ese TCaso!l it clear mine and 
therefore atisine and ( nly the ABD tra kelet f(63a).° 
stereoche! try and may be represented by structures (73) and (74) respectively 
CS] € 
2 
73 OH .R.=H 
H. 74 R= OH.R =H 
B. nfigurat 
I} tental ae \ | il Was OT] illy n 
nguration as inf i OH I wer ess 
firmly bound ep e nat ) su /Sa)." 
However, the d 1 steric envi to ill to ac int r the 
great diflerence in absorption behavior of these compounds. Further consideration™ ; 
t they 
ly be 
C(8), 
| 
isomer (75b) the hydroxy land N-acetyl 
ovation 
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molecule and therefore cannot be absorbed by the 


r must be (75a) in which 


ibsor bed isomel 


r. Atuisine, 


other 


stro 


group are on opposite sides of 


alumina at any given time re nely 
hydroxyl and N-acety! absorption reimforce each which has the 


CSS hindered side ol ( -| 
ners corresponding to 


eliminated.' 


Solo and S$. W 


| 
CH, 
CH, | 
Ac 
; ‘ R ‘ 4. 
H.C? 
750 R.* 
75b R,*H, 
~ 
CH, 
nfiguration of 1 3S st ‘lv absorbed of the two isomers, must be represented 
5 S e al been correlated wit 
L4 
) nas would aiso nave 
it is to note ihe ic hydroxyl in garry- 
| . | ans nt of the E and F rings of 
N N 4 
‘ \ reat tween t thvlen 
for ft derivatives in which C(I trigonal ( the 24 
4 
1) ficir n he coubctituted on tI » | ie the 
oxvgen atom in atisine must De sudstituted on tine 1.¢e. tne 
side away from ring C (formula 78). The three c 9 are 
thereby 
A. Pelicticr, Che 14 (1961) 
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The conformers, (X.Y.Z), corresponding to (78) may now be considered. Conformer 
(X) in which ring-A is a chair with C(22) axial is unlikely since the A and F rings are 


strongly opposed. The free electron pair on nitrogen is hindered by a hydrogen on 


C(3) in conformer (Y) and by a hydrogen on C(10) in conformer (Z). The interaction 


at C(3) in (Y) is relieved with ring A as a boat but such a change introduces new 


interactions. It should be noted that with either form the ring system of atisine must 


be distorted so as to accommodate the very serious interactions between rings C and E. 
This distortion has the effect of relieving the N—H 


increasing the interaction of the hydrogen atoms in the flagpole positions of boat A in 


interaction in (Z) but of 


(Y). Moreover, the the five-membered F-ring is trans-fused to E in (Y) and this tends 


to distort E in such a way as to increase the hindrance encountered by the nitrogen. 


In rotamer (Z), however, the cis-fused E/F junction tends to relieve the interaction 


suffered by nitrogen with the hydrogen on C(10). Finally. as will be shown below. 


the oxygen of oxazolidine ring-F is seriously hindered in (Y) but is not in (Z). There- 


fore, these factors indicate that conformation (Z) should be at least as stable as (Y). 


ium chloride is readil somerized to the corresponding atisine derivative.-' Since 


both atisine and isoatisine have quaternary C(17) groups, it is necessary to look 


further for the reason for le facil son iZation Of atisine to 1soatisi or in otner 


words for the greater stability of isoatisine over atisine (a free energy difference of at 


least 3 kilocalories is required).**’ Dvornik and Edwards have explained the stability 


difference on the basis of an interaction between the C(24) oxygen of ring-F an 


C(5)-hydrogen which occurs in atisine. but not 1n isoatisine.* [his interaction may 


be observed in models of rotamer (Y), but not in (Z). To the extent that steric strain 


results from this interaction, rotamer (Z) should be favored over (Y). Therefore 


J. Solo and S. W. Pe tier, unpublished work 
The statement that AF |! t i ( version equals 3 kcal minimur ssu that at 25°¢ 


ec J 


the oper 


1-56 kcal 


3-O8 kcal. 


If the equilibria lie less far to the right than assumed, Al must be reduced, but it will certainly be far 


more than the 0-4 kcal which Edwards’ O(24)——-C(5)H interaction makes available through entropy factors, 


(see footnote 64) 


H 
0 
= Z N CTIDN U 
H D 
A 
2 4 | A | eR 
CH. CHs CMs 
78x 
Sy 
78z 
It has been noted that conversion of C(17) in atisine derivatives from a quaternary 
to a trigonal form |! ts in a considerable decrease in strain.* This reduction in . 
teric hin nr nted nlanat ntort si0h 7.Q2)\2 
Steric hindrance p des the accet explana or the high pX_. of atisine ( 8-0 
and also provides a reasonable explanation for the fact that the diacetate of isoatisin- ’ 
tlic 
62 
Ihe ixing 
: ethanol tz form is converted at least to the extent of 91 per cent to isoatisine 
Thus RT in K 4:58 298 log 93/7 1-52 kcal. 
and \} RT In K 4-58 338 log 91/9 —_— 
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If dihydroatisin 


IS 


unless (Z) can be shown to be less stable than (Y), this interaction by itself cannot 
explain the free energy diffe 


fference between atisine and isoatisine.™ 
(80) constructed using Dreiding™ or other 
no bulk Dut iT 1 bonds are Tl 


id. te 


Ossi 


are correct; 
hy 


vy hydrogens on the 


1concomiutant 


ri7 


ition of a tricyclic oxazolidine model of 


atoms ha les are preserved, 
free rotation about single Donds IS and covalent DonGd 
ther vdrogen “‘a” on C(17) may be seen to be strongly hindered 
Ci Dridge Denending on the staggering ol the bicyclodctane system, the 
lictance between hydrogen “a” and hydrogen “b” on C(19) varies from 1-26 to 1-38 A, , 
) ind 27 to 1°66 \ all without 
nt ng a rs | e « ta es a vell under the required inter 
nal ‘ y 2-4 A (2 the van der Waals dius of hvdrogen 
i te | W reater part of the 
ia LD syst ement 
iro ( i ix 1on 4 en 
‘ 
by the restrict poses on the rotation of C-17. 
1} mpres of cou! till acco dated by the distortion of the mole- : 
wri hut the net effect 1s an increase in DONG distortion 
n energy. 
Leonard has recently studied the some TTT 
io ' Pr he attached to 
‘ 
tit OT oa 
re RI 2 1 incre in tability of 
A.S.D Ch 42, SY 
*F. H. We mer, 5S Ef n OF Chemists Edited by M.S. Newman) Chap. 12. John Wiley, 
New York (1956) 
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the AEF-ring system of the diterpene alkaloids, viz. 6-aza-3-oxatricyclo [6.3.1.0*-*] 
dodecane (81).® Isomerization of this model, in which there is no steric driving 


82a 


82t 


force to rearrangement of the oxazolidine ring, required more strenuous conditions 
than atisine, veatchine or garryfoline. In another model system of the arylaralkyl- 
oxazolidine type (82a,b) in which there was no steric differentiation between the two 
z. N-carbons but in which the protons on these carbons were more acidic than in the 
diterpene alkaloids, isomerization did not occur under conditions which lead to 
formation of the “iso” alkaloids. These findings indicate that isomerization of 
ternary iminium compounds is not a general phenomenon but is very dependent 
upon steric factors and reaction conditions. Incidental to this study a new method of 
oxidative cyclization for the synthesis of oxazolidines from /-3" aminoalcohols was 
developed using mercuric acetate. A detailed subsequent study showed that mercuric 
acetate oxidation of several piperidino- and pyrrolidino-alcohols gave good yields of 


bicyclic oxazolidines and tetrahydro-1 ,3-oxazines.” 


D. 


{hsolute configuration 

The absolute configuration of the atisine alkaloids has not yet been settled but the 
scanty evidence available suggests that atisine bears a mirror image relationship to 
that of the common diterpenes and hence to the above formulas.” Thus the phenol 
(20) derived from atisine shows a strong negative rotation (M,-314°) whereas the 
molecular rotations of dehydroabietic acid (83), ferruginol acetate (84) and podocarpic 
acid (85) are strongly positive. For this reason the atisine phenol has been assigned 
the configuration shown in formula (86). The fact that lycoctonine and aconitine 
is In 


have been shown to have a configuration antipodal to the common diterpenes™ 


agreement with this assignment. 


Note added in proof: Djerassi and Vorbriiggen (private communication) have 
recently converted the azomethine from garryfoline to a hydrocarbon via the alde- 
hyde analogous to (28b). This hydrocarbon is not identical with either «- or 
f-dihydrophyllocladene. Since the rotatory dispersion curves of ring-D ketones of 
garryine are substantially identical with those of the corresponding ketones of the 
phyllocladene series, these workers conclude that the absolute configuration of the 
4/B ring juncture in the alkaloids is antipodal to that of the steroids and common 
diterpenes. 

N. J. Leonard, K. Conrow and R. R. Sauers, J. Amer. Chem. Soc. 80, 5185 (1958) 

N. J. Leonard, and W. K. Musker, J. Amer. Chem. S 82. 5148 (1960) 


6? 
** M. Przybylska and L. Marion, Canad. J. Chem. 37, 1843 (1959) 
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\ NAPELLINE AND SONGORINE (NAPI LONINI 
‘ ‘ + lin tructur 
(R7) 1 R OH R O S K KON 
H 
¥ 
Cit 
( ( tru Tor ) 4 
R 
R 
ae R 
K F. K R.K.M L.G.H Che & Ind, 173 
A. D. Kuzovk } 29, (1959). 
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Wiesner pointed out the incompatibility of this structure with formation of a carbino- 
lamine ether from dihydronapelline by oxidation with silver oxide.4:7* Thus it is 


clear that a C(17)}—C(10) bond in the salt form of the carbinolamine ether (91) is 


impossible. Subsequently, Wiesner et al. showed that formation of glyoxal by 


oxidation with lead tetraacetate is not a specific reaction for the N—CH,CH,OH 


group and that napelline contains an N-ethyl group.’:”* The carbinolamine ether was 
then formulated by Wiesner as (92) and its salt as (93). with a C(17)—C(10) bond. Other 


2) or C(4). 
I iau b] Structure tor songorine, 
Wiesner made e attractive hypothesis that rearrangement of the 10-methyl group 


S synthesis 


In 


4 1,10-dimethyl-7-ethylphenanthren Ihe “natural” phenanthrene should then be 


C(9) 


YuoUs 
| ,3,9- 


songo- 


a hydroxyl 


ontaining 1-8? atoms { deutertlum wher! ibrated in the presence of NaOD, 


MeOD 


ind D,O I 


2) or 


ongorine (100) 


OH OH OH 
CH 
~ OH 
3 ? 2 
| 9-dimethyl-7-ethylphenanthrene (89) and songorine would possess a C(17)—S 
bond. T} percep iggesuor as been shown to be correct by Ochiai et al. 
who have demonstrated that the sor rine hydrocarbon ts 1n fact (89) by unamb 
syntheses It is int to note that (& is well as a small amount of 
trimethyl-7-isopropyl threne ilso obtained by the dehydrogenation of ‘ 
isodesox' (10 } yaroc! ‘ 
Recently Sugasav stior nent of a hydroxyl at C(3) in =—_——_ 
rine and in fact has acc ited rather co ‘evidence for location of Ell 
at Ci4 This evider ili now be ou 
lsosongorine (94), [1736. 1695 « i from the allylic rearrangement of 
songorine with palladium charcoal. ¢g n Huang-Minlon reduction dideoxyisoson- 
gorine (95) and a \ the VC 46) 133 cn Oxidatior yf (95) 
with an excess of chromium trioxide-pyridine gave a neutral product which was 
formulated as a keto d-lactam (97) [1707. 1635cm~']. The latter o 1 compound 
PE (| an amorphous monobenzylidine derivative (98) as judged by 
ultraviolet absorption (300 n log +73 * (98 in contrast to 97 gave a negative 
adjacent to the keto function and consequently limit the site of the hydroxyl in songo- 
rine to either C( 
| | ) ~repal son yn neorine (¥¥) 
SOUCOAYS prepared DY Or aed VOTING on 
kK. W r, So lt ind Z. Valenta, Exper 14, 
‘rE O Okan S. Saka Su Ci & Phar B 7. 542 (1959) 
r.s va, Chem. & Pharm. B I 
Ww k Dr. Sug ts{ » public ( esu ire presented 
a Chem. & Phar Bu | 
dine Ger itive shows adsorption at 330 mu (4°40 


utoxide 


| which 


hloride ts 


tor red 
juction 


S W. Pe_cerier 
CH. 
gcH 
. 
27 ah 
in t-D il atlorded a ‘ 
mite did not to dD Bromination of (101) in glacial 
(2-11 Both bromid ved adsory n at yvdroni renation ol 
th mix henn vit ‘ rick et vifeor ide raVE a 
product (104) wit! spectral properties characte iturated ketone ina 
six-membered or larger ring (1/38, 1663, 1058 cr Evidence that bromination had 
occurred in ring A and not ring D was provided Dy Oxida of (99) to a neutral 
product (105) contaiming the co! ted enone in the five-membered D-ring. [1710, 
74 4.47 104 ny 
1725. 1640 cm J35n 4-1 /) 
It appears that dehydrohalogenation of (103) in the presence of thin 
I 1 by part pimerization of the met! roup at C(|8), 
accompanica DY pa lai epi Lie Up 
J Lal 4 
H 
C *) 
CH CH N > CH.CH N 
CH. 
CH CH, CH, 
d 
19 0 
CH cH 
a] 
. 
cH CH CH.CH N + N 
CH, CH, CH.CH 
CH H. CH, 
C 
iO? 1030 103b 
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CH, 
CH, 
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~ 


the product (104) over palladium gave a mixture of products [(106), 1733, 1635, 1713 
cm~'], which was not identical with (101). However, treatment of both (101) and (106) 


in methanolic sodium hydroxide gave the same equilibrium mixture of epimers, (107), 


as judged by the usual criteria 


To ascertain whether the hydroxyl in ring A is situated at C(2) or C(4). the diketo- 


lactam (101) was reacted with isoamylnitrite to give the isonitroso derivative (108) 
and the latter was cleaved with benzenesulfonyl chloride and alkali to the nitrile 
{(109), 2260 (— N), 2500-2700 (CO,H), 1730 (CO in 5-ring and CO.H). 1612. 


1630, ~N—C=-O HO—C=-O and »>N—C=-O]. Since the latter was stable up 


to its melting point (185°) and did not decarboxylate when boiled in ethanolic hydrogen 


chloride, it is probable that the keto function in (108) is at C(4). Had it been at C(2), as 
represented in (110) and (111), the product of the reactions would be the malonamide 
(112), a type of compound which is known tn the ignavine series to decarboxylate 
easily either when heated to 140—170° or when boiled in the presence of acid 


The above transformations led Sugasawa to assign the hydroxyl in ring A to C(4) 


and therefore songorine may be represented by (113, R QO), while napelline is the 


ring C equatorial alcohol (R OH). In order to be able to forma carbinolamine 
ether by oxidation of the C(4) hydroxyl, models show that this hydroxyl must be 
equatorial and that ether formation is accompanied by an inversion of ring A from 


the chair to boat form as shown in formulas (114—-115). 


: 
A 
. 
> > 
CH, 
09 
HON 
> = 
CH CH CH, 
110 itt 112 
H 
OH 
Ow 
N 
H 
113 
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It must be admitted that formation ol 1.3.9-trimethyl-7-isopropylphenanthrene 
re 


by dehvdrogenation of isodeoxysongorine (100) hydrochloride is difficult to explain 


on the basis of structure (113) for songorine. Sugasawa’s attempted rationalization 


CH, 


CH. 


alkaloid represents an 

problem both because 

and because I inusual rearrangements 

bond which ca hydrogenated,” three active 
mand! vicinal ni group N-alkyl and 


yresen lic methylene 


(3003, 1659, 899 cm” ')*! and NMR spectr 
tion of formaldehyde upon ozonolys! 
bsorption 3 m~') indicate the existence of one 
two in dihydrohetisine. This is confirmed by the 


for C-methyl *tisine 9-02). Since the near 


f dihvdrohetisine is normal.’ it is clear that hetisine must have a 


heptac vclic skeleton 


The nature of the oxygen functions Is indicated by formation of a crystalline 
B Chem. 143. 605 (1942 
170, 189 (1947) 


Cher Soc. 82, 2398 (1960) 


98 
cH 
CH 
0 
N Ag N 
‘ i 
4 oH . 
a 
: for ti formatior it ; hvdrocarbon assumes that initial cleavage of the C(16) N oe 
bond gives a I-gem-dimethyl compound. Elimination of the C(4) hydroxyl as water 
icreal tural (4) Linder the drast conditions of the dehydro- 
venation. louble b sht migrate to C(2)—( One of the gem-dimethyls 
mioht then unde rearra ent to the allvlic position at C(3). Until further 
eviagence Is rortnco is scneme ust De rega Cul as purely sp CUIALIVE 
THE CHEMISTRY OF HETISINI 
Het C...H.-NO.. which occurs as a companion of atisine in Aconitum hetero- 
pi li} was TITst tea D Jack 
structural type and presc 
of its complicated ecular arcl 
certall f its derivatives undergo 
The alkaloid ha ne double 
4 hnvaroge a tertiary nitrogen al 
5-46) ind confirmed by the 
determinations and infrared 
C-methyl group in hetssine a! 
appropriate NMR spect ee 
J. Solo and S. W. Pelletier, J. Amer. 
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diacetate (3247, 1742, 1252, 1225 cm~') and an amorphous triacetate, both of which 
regenerate hetisine on saponification.™ Furthermore, the alkaloid is inert to both 


periodate and lead tetraacetate*® and does not form an acetonide.*® Thus hetisine 


possesses three acetylable hydroxyls which are non-vicinal and not in a 1,3-cis-diaxial 
relationship. 
Early dehydrogenation studies by Jacobs showed that hetisine gave a complex 


SO 


mixture of hydrocarbons and bases. From the mixture a small amount of the 


compound identified as pimanthrene was isolated. Recent work utilizing gas phase 
chromatography to separate the complex dehydrogenation mixture confirms this 


mic 


identification. Since hetisine and atisine are companion alkaloids, one would 


expect them to be biogenetically and structurally related. While hetisine affords 
pimanthrene,”*’ atisine furnishes Dehydrogena- 


tion of an isoatisine derivative lacking secondary allylic hydroxyl, however. gives 


1-methyl-6-isopropylphenanthrene,* indicating that the presence of the hydroxyl 
alters the course of the dehydrogenation Since hetisine gives pimanthrene, it was 


suspected that the substitution adjacent to the exocyclic methylene group is different 


than in atisine. The fact that hetisine lacks a free N ilkyl group on the nitrogen® 
and compares in basicity (pA, 9°85) with quinuclidine (10-3) suggests a quinuclidine 
type structure.°- Mode show that only posit ns 2, 3 4,9 and | ) are available for 
bonding to the nitrogen. The data considered thus far allow one to tentatively deduce 


skeleton (116) containing one additional ring and three hydroxyl groups. The interest- 


work on hypognavinol™ provides an analogy for this kind of skeleton and also 


Hetisine m« 
hetisine. This compound yields starting material when subjected to a second stage 
Hofmann degradation. Since hetisine has one double bond which can be hydro- 
genated, one would expect that desmethylhetisine would absorb two moles of hy 


gen. However, only a dihydroderivative could be prepared. Dihydrohetisine was 
also found to undergo a single stage of the Hofmann degradation. The product, 
desmethyldihydrohetisine, unlike the isomeric dihydrodesmethylhetisine, absorbed 
one mole of hydrogen. It is evident that the hydrogenable double bond is the newly 
created one and not the exocyclic methylene. The latter has apparently suffered some 
kind of change. 


* This is indicated by the Herzig—Meyer determination and N.M.R. spectrum of hetisine 
" S. Sakai, Chem. & Pharm. Bull. 6, 448 (1958) 


is 
CH 
ar 
| 3(0H 
1 
~ 
Suggests DONdIng for the remaining ring, (see p. 107). The provisional skeleton 
advanced for hypognavinol on the basis of dehydrogenation data features a nor- 
quinuctidine type nitrogen with an extra bridge between C(17) and C(19) 
At this point it will be advantageous to consider some of the older Hofmann data : 
of Jacobs™ since it has an important bearing on rtain structural featur f heticine 
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In an effort to explain these puzzling data, Wiesner proposed structure (117) for 
hetisine and (118) for desmethylhetisine.“ To account for disappearance of the double 


bond during t fmann degradation. an allvlic rearrangement such as is known to 


yked. However, hetisine 1s 


occur readily in 1soatis and gal wa voke 


known to have o1 etl rouy th. NMR) and desmethylhetisine 


rmore, Nevis! gives mMono- 


reiore, it 


a secondary allylic 

a tertiary allylic 

will be based on 
shown in formulas (120) 


(0) vives an incipient ketone 


(121) which can participate in hemiketal formation with a suitably located hydroxyl 


on C(17) to give desmethyihetisine 


(122). The infrared spectrum of the latter shows 
new bands at 1143 and 1112cm™' which may be ascribed to the hemiketal. The 


absorption of one mole of hvdrogen by desmethylhetisine ts also compatible with 


“ Reference 4, page 62 


CH, CH 
2 CH, 
7 
Un 
H_OH OH 
4 8 
shows no carbony! absorption in the intrarea 
and dicarbonyl de! itive \ are not conjugated enones ‘2,81 lhe 
cannotc tain the iT \) ry allViic alc ‘hol shown in(11 ‘x 
It is clear that 1 Hofmann data require an allylic rearrangement and therefore 
one of the hydroxyls must be z- to the °C=-CH, group. S 
system is ruled out. the only other site for this hydroxy! ts at 
alcohol The rel ainde! ol the LISCUSSIO of hetisine che 
rormuila whic vec DrOPOses CCOCTILIY 
The degradations described above may 0c represented a : 
to (122). Hofmann degradation of hetisine methiodide (| 
CH 
OH OH 
“id 
CH, 
HO 
CH CH CH. | 
9 121 
JH 
N N 
123 22 
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structure (122). Dihydrohetisine (124) on the other hand, undergoes a normal Hofmann 


degradation to give a product (125) absorbing one mole of hydrogen to give (126). 


OH OH 


Evidence for the location of an atom a | in hetisine follows from 


oxidation experimen 1romium trioxid line.? roducts formulated 


in (127) and (128) ar lic lactan ng a bridgehead rogen and arise from 


ii rearrang ire and l a gave Ul respective 


Lal ad 
SACICLS 


sonance on 


recnectivel 
espectuively 


r than lactan 


of such a system 1s -U 


a hydrochloride ana sin 


rather than a lactam A comparison of 


with that « 


an N—C(9) bond (bicyclo-2.2.2 system) rather tl ‘ C('0), N—C(2) or N—C(3) 


bond (bicyclo-2,2,1 system) in hetisine. The latter system would be expected to show 


absorption in the region of a cyclopentanone. 


Some evidence for the course of this unusual oxidation is available from a 


absor pt on 


: CH CH CH 
OH CH OH CH, OH 
HO HO HC 
a 
CH, CH CH | 
5 
124 25 126 
amino carboxylates (15/Scm~*).™ Since this kind of system 1s incapabie Of rea 
4 
“ 653(w) ,892 
: theoretical grounds, it would be expected to have properties of an aminoketone 
rather than of a lactam. In agreement with this, these compounds are basic (pA, 8&1, ; 
6-7 rN). form stable hydrochlorides and methiodides, and show ketonic 
rathec absorption in the infrared (1718 cm~*) The first simple example 
thy! quinuclidone-6 (129) which is basic 5-33), forms 
Dee absorption characteristic of a ketone (1733) 
1/19 
nn of the carbonyl absorption of (127) and (128) 
2.2-dimethyl quinuclidone-6 ( is the basis of the assignment of 
CH 
N 
CH 
129 
study 
: * H. Pracejus, Chem. Ber. 988 (1959) 
% Wildman et al. [J. Amer. Chem. Soc. 80, 2590 (1958): Jbid. 81, 197 (1960)] have described a series of 
alkaloid oxidation products containing a quinuclidone-2 ¢ gated w in aromatic ring. Here too, the 


102 S. W. PELLETIER 


of (128). It absorbs two moles of hydrogen to give a tetrahydro derivative (130) which 
»yresence of two active hydrogens, a diminished carbonyl peak at 1704 cm" 


shows the 


and no exocyclic methylene absorption. Furthermore, NMR data indicate the absence 


ne tertiary 


xial and can 


hydrogen bond 


q 
; 
2 
R 
R 
of a Tr n at ble | I ta rule o1 ructure (131) which 
cyclic lactams It must be emphasized that 
th< Clic are in accord Wit! { 
nror ey ' tentative 
& 
inate ive a crystal- 
9 ( rk ‘ ab hut no carl ymnvi 
absorp IR cral starting 
‘ 
‘ 14 1 and ry) ‘ h is 
dt {) () { nk Ana ry ior type oO! react 1 
seen vihyp e ferricyanide and di- 
n ( ((4) because of 1 ty t! 
lf at lu ibe a Keto card d hence thermally 
It ma ippear i t iw eruary hydrox ire acetylated in preierence to a 
secondary How r, becaus f the bridgechead positions, 
hydroxyls are relatively accessibd vhereas the sc iry hydroxyl is p-a 
BE to the nitrogen in such a way as to make acetylation difficult. 
' *° Structu 7 and 128 f : ed o hanistic erounds by Prof. Gilbert Stork. (Private 
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IX. THE CHEMISTRY OF IGNAVINE, HYPOGNAVINE AND KOBUSINI 


In recent years a wide range of Aconitum species native to Japan have been 


examined for alkaloid Among those encountered are three, ignavine, hypognavine 


and kobusine which have been the subject of considerable investigation and now 


appear to have the same skeleton. Since most of the chemistry of these compounds 


has been published within the past three years, they will be covered in some detail 


lkaloids 


ignavine, 


C.-H., NO,, does not contain a methoxyl, methyle oxy, Or an N-methyl group and 


iS unreactive toward | sual carbonyl reagents. Hydrogenat 1 with a palladium 
chares al catalyst Paveaadlil vdroderivative Saponification of 1enavine IT ethanolic 
potassium hydroxide gi one mole of benzoic acid and an alkamine. designated as 


panied 


four 


ZOVIOXY 


date 


cleavage while igi ne 1s not." Two of tl iro 7 vial s is shown by 

pr OF me ind di-benz if li-/ 18, 4 ites al nitrohben7o- 
ates.” These i< gel ire all « irac I DV the tactt contain a mole 


ydro- 


ignavinol derivative Saponificat of these derivatives affords anhydroignavinol 
It is thus evident that navin ntair il usual iroxy! which on methiodide 
formation or acylati eliminated as water. Early evidence was interpreted in favor 
of double bond formation, but recent studies favor ether formation acc mpanying 


dehydration 


Hofmann degradation of the methiodide of a yarolgnavin rives a des- N-methyl! 


derivative, C,,H.-NO,, m.p. 265-2 vhi reported to absorb one mole of 


hydrogen when red lin methanol ¢ r Pd, Pt/C™ and two moles over platinum in 


acetic acid.” 


OAc = 
CH 
OAc 
HO 
Ld 
27% 24 
A. /enavine 
kai" and A. japonicur the Ochiai schoo! has tsolated several toxic ester a 
a and a simple-typ Ikaloid named ienavine Farly tud ved that 
: 4 anhydroignavinol, C.,.H..NO,. m.p. 302 Methiodide formation ts also accon 
by the loss Ola | ! water tron ma rie 
Of the six oxygens in ignavine, two occur in the benzoyloxy group and fr in 
hydroxyls. One of 1 ( vdroxyls on a carbon z- to that | ring ben 
group as shown by the fact that the hvdrolvsis product 3 ptible to peri 
of 
Ce Application of the Hofmann degradation to the methiodide of the 
Okar H.7 H.S.H Pi 27, 152) 
"FE Oct H. 7 f 27 
Oka S. Sak M. K k K. I Na H. 1 Pharm. S Japan 
76, 1956) 
"FE. Okar iwa, H. Tar S. Sak H.S.H Pharm. B 1. 60 (1953) 
: *! E. Ochiai and T. Okamoto, Chem. & Pharm. B 7, 556 (1959 : 
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inol. Failure to carry the Hof- 
mann reaction “con remit 


ent behavior encountered 


witl 


ver palladized 


daih ydroignay ine 


group 


rement 


carried out utilizing 
Oxidation ol! (139) 
lactam) 

Further 

unsaturated 

one (1615, 

enzoate (142) with 


a dicarboxylic acid (143), 


* FE. Ochiai, and T. Okamoto, Chem. & Pharm. Bull. 7, $50 (1959) 


des- N-methylhetisine 
The pres of a cocvelic methyl group in anhydroignavine was indicated by 
the inirared spect and 89) Cl ation torma yvae on 
charcoal nas resultce ati inree erent aucts, 
(136). C.-H..NO,. m.p. 173°. anhydrodihydroignavine (137) C,.H,, NO;, m.p. 256 
and a compound assumed to be a cyc exanone (1692 cm), anhydrodihydro 
iwnavinone (1353), ¢ H. NO. 260 Formatior the latter two comp unds 
in ed the | ec of water curin yar enauior The appearance ola 
is typ ort hypog! kot and involves 
; ol yst 1 me ketone. These reactions confirm the presence 
+ + 
Further operations on the secondary allylic system were 
des- N-methyla navinol tribenzoate (139) as a substrate 
with chromiul rave a iactal tripbenzoate 
whic yn saponification aflorded e par icta (14 
n of the titer with rol un u 
ketone (141) wit ibsorption bands characteristic of the col 
1687 and 1590 cm™'). Oxidation of the 
permanganate pe wodate y nyarorysi u 
’ 
= OH 
0 
P C.,H..NO. . 
49 40 
Cc CH, 
| 
N CO_R KMnO« RO N CH, 
C 
| | Cc 
| | 
| 
4 ReH . 
43 Re 4\ 
5 
144 R.=R-CH C.,H..NO, 142 
i145 ReHR CH 
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(1690, 1708, 1585cm~'). Saponification of dimethylester (144) gave a mono-methy! 
ester (145) indicating one of the carboxyls in (143) is tertiary.” 

The presence of a gl system in (140) was demonstrated by cleavage to dicar- 
boxylic acid (147) lic methylene group of (140) was rendered immune to 
oxidation by acid catalyzed rearrangeme! o the methyl ketone (146) (1700 cm~"*). 
Treatment with permanganate gave an am rphous dicarboxylic acid (147) which 
eliminated CO, at 140 \ parallel series of reactions was also carried out on one of 


the isomer trahydroderivative 49) obtained when des-N-methylanhydrohypo- 
gnavinol (139) was hydrogenated over platinum. Oxidation of (149) as the tribenzoate 


followed by saponification gave the 0-lactam (150). Further oxidation with perman- 


150 
ganate gave an amorphous dicarboxylic acid (151) [1708 cm~', 1637 cm~], which 
again lost carbon dioxide at low temperature (140-170°) to give a monocarboxylic 
acid 152, (1712, 1620cm~'). The facile elimination of carbon dioxide suggests the 
presence of a malonamide moiety in acids (148) and (151) and supports the partial 
structure about the nitrogen atom as represented in the above formulas.” 

Careful selenium dehydrogenation experiments on anhydroignavinol have yielded 
four alkyl phenanthrenes as well as alkyl benzenes and naphthalenes.” Two of the 
alkylphenanthrenes are crystalline: a C,gHg, hydrocarbon, m.p. 82-84", picrate, 


* E. Ochiai, T. Okamoto, T. Sugasawa and S. Sakai, Pharm. Bull Japan 2, 388 (1954), 


N HOC N CH 
140 
47 
< 
48 
CH. 
HO-—C¢ N—CH, 
| 
HO—C CH | 
Cc OH 
| : | 
0 
493 ~ 
CH CH | CH 
HO, N—CH, | N—CH, |WO—C N—CH, 
| HO—C c=0 
OH | C OH | c OH 
| 
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142°, TNB, 156° and a C,,H.» or C,,H,, hydrocarbon, m.p. 145-147", picrate 135 
TNB, 160°. The two liquid phenanthrenes have picrates of m.p. 173 175° and 175 
177°. It is a tribute to the patient and meticulous work of the Japanese workers that 
identified by synthesis. The 82-84 


hvdrocarbon is 1.7-dimethyl-6-n-propylphenanthrene (153) “ the liquid with the 


three of the four hydrocarbons have been recer 


picrate melting at 173-175° is a 1.8-dimethvl-3-ethylphenanthrene (154) and the one 
with the picrate melting at 175-177° is 1,8-dimethyl-3-isopropylpher inthrene (155).%° 
These products account for nineteen of the twenty carbon atoms ol anhydroignavinol. 


aemon strated 


presc | al lgnavine, il reasonabie to a ime tne alkaloid 
contall i bicyclo-2 ) 2-octan ol suc as occurs ilisine and 
which is show 156). TI given further credence by the oxidation of des-N- 
met XO-al i! ivinol (140) to a dicart vlic acid (143) in \ h one of the 
carb The de enation products (153, 154, 155) suggest a bond 


betwee! 
inv 
alkaloid 
and C(3 


The diketone showed bands at 1708 and 1630 for the conjugated enone system and 
also bands assignable to a ketol benzoate at 1/40 and 1/22cm Saponification 


gave a ketol as indicated by its behavior toward Tollins reagent and triphenyltetra- 


zolium chloridk Location of the benzoyloxy group at C(2) rather than C(3) 1s 
Suggested by the positive Zimmerman reaction given by the ketobenzoate.”' 

The published data clarify the nature of four o! the six oxygens of ignavine and 
three of the four of anhydroignavinol. The fourth oxygen in anhydroignavinol ts 


thought to exist as an ether since no hydroxyl band is observable in the infrared 


anhydroignavinol 


spectra of tribenzoyl anhydroignavinol, tribenz yyl-des-N-methy 


“E. Ocl rT. Ob é S. Hara, S. Sak ind M. Natsume, Che & Pharm. Bull. 6, 327 (1958) 


P¢ om P Okamot Tt or cordia ks Prot. Okamoto tor 
p S.H Y. Tok t Ke of the two 
oily hydrocarb« The pur ! tic hydrocarbons sh t yllowing constants: (154), m.p. 52-53 
INB, m.p. 176-177-5°, pict 162 155), m.p. 74-—7¢ m.p. 182-183", picrate, m.p. 162-163 


Note ided in proof: The work cited has since been published in Chem. & Pharm. Bull. 8,976 (1960) 


CH 
HC OH 
HO 
CH 
“3 3a G&¢ 
In f the diterpenoid nature of the aconitum alkaloids and the —_—_—_—__ | 
C(19) and C(17) and a methyl group at C(1). Considering the partial structure 
I 
ine I 1 was deduced adove. and the ana ey to other dite pene 
one mav place the nitrogen between C(16) and C(17) and hydroxyls at C(2) 
Since ign ie shows no N-alkyl group evident that a third bond must 
extend from nitrogen to one of the rings. The Japanese authors select C(10) as the ; 
most likely site The remainder of anhydroignavine chemistry will be discussed on 
the basis of formula (15/) 
The fact that anhydroignavinol consumes one mole of periodic acid in two hours 
hereas ign n tant to the roectc t the luce) tem which 
present in anhydroignavine ;masked by the den; up Nnignavine. Oxidation 
of +} trinvide—nvuridine oives a mixture of mono- and diketones 
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and tribenzoyl-des-N-methyl-oxo-anhydroignavinol. It is therefore probable that 
the loss of water accompanying many of the reactions of ignavine, e.g. saponification, 


reduction, acylation, involves ether rather than double bond formation. Possible 


positions for the hydroxyls involved in the elimination assuming a /-glycol moiety 
are, C(5—18), C(9-19), C(9-13) and C(11—13). Since ignavine has a normal 
value (7-7) for a tertiary amine, it seems unlikely hydroxyls could be at C(17) or C(16). 


In view of the above, anhydroignavinol and ignavine have been represented by 


partial structures (157) and (158) respectively.” 


B. Hypogna 


Certain varieties of Ac fum sanyoense have been shown to contain an ester 


alkaloid called hypognavine which contains one less oxygen atom than ignavine and 


iS In many respects similar to it.“%° Thus hypognavine, C.-H.,NO.. is a benzoyl ester. 


1 


has no methoxyl or N-methyl group, fails to react with the usual carbonvyl-test 


reagents and contains one ydrogenable double bond. Like ignavine. it has two 
acylable hydroxyls and an exocyclic methylene group (1666. 895 cm~'. ozonization 
gives formaldehyde).”*’ However, in contrast to ignavine. hypognavine may be 
saponified to give an alkamine (hypognavinol., ¢ ,H,,NQO,) without loss of a mole of 
wate! Acylation reactions and methiodide formation are also straightforward in the 


on catalytic hydrogenation with paliadi charcoal or treatment with acids inus 


1 1 
hydrogenation « nypognavine (15Y) gave a mixture from which tl 


iree produc ts were 


isolated: dihydrohypognavine (160), m.p. 35°, allodihydrohypognavine (161), 


m.p. 252° and dihydrohypognavinone (162), m.p. 296° (1704, 1689 cm~'). The latter 


was also obtained from hypognavine in small yield by heating with aqueous 10 per 


cent sulfuric acid. The alkamines corresponding to these hydrogenation products 


were obtained by alkaline saponification and can be designated as dihydrohypo- 


gnavinol (160a), m.p. 302°, allodihydrohypognavinol (16la), m p. 2 , and dihydro- 


hypognavinolone (162a), m.p. (HBr) 348° (1712 sh, 1701 cm~). The vinyl band at 


895 cm~* was absent in all the above products. Hypognavine was oxidized to an 


x,$-unsaturated ketone (163) in 30 per cent yield with manganese dioxide and 70 per 


cent yield with chromium trioxide—pyridine. The product, hypognavinone, showed 


absorption typical of the benzoyl group (1709, 1600, 1580 cm™~') and conjugated 


enone [1705, 1630 cm~'; 231 (4:35)] and when reduced with palladium charcoal 


*° E. Ochiai, T. Okamoto, T. Sugasawa, H. Tani and S. Sakai, Pharm. Bull. Japan 1, 152 (1953) 
’ S. Sakai Pharm. Soc. Japan 76, 1436 (1956) 


ind 
HO “OH H 
HO | Bz | 
CH \ 
case of hypognavine.” 
[he exocyclic methylene group in hypognavinol manifests the same characteristics : 
as that in songorine and iet yartial rearrangement to a methyl ketone 4 
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gave the known dihydrohypognavinone ( 162). These reactions” aff 
n such as occurs in atisine,*° 


for the existence of a sect alcol syste 
70 


and songorine 


ord clear ev idence 


38 


a small amount of 
and | &- 


characteristic products also 


ins 
anthrene 


diterpene 


The pra 
See footnote 95 
 S Sakai, Chem. & Pharm. Bull. 6, 448 | 


tion was obtained 


ila (164) will be 


The alternate 
asily explain 


ethylhypognavinol 


ivine 


1 of the 


Professor Okamoto 


- 
I 
OH + OH 
62 R=62z 59 R=B6z 6 R = Bz R=Bz 
620 590 R=H 600 R H R=H 
’ 
OR 
63 
, 
Selenium dehvdrogenation of the alkamine hypognavino! Ei 
1. 8-dimethyl phe threne.” |_7-dimethyl-6-n-propyl phenat 
obtained from anhydi navino In additi 1 weakly basic fra Ti 
ill y 1 wil ulll ret spectrum in son respects sin ilar to that of }-azaphen- , 
| ne. It is therefore likely that hypognavine has the same general type of ; 
GEE alkaloid skeleton as that derived for ignavine. The for 
used as a basis for interpreting other reactions ol hypognavinol | ) 
structure with a N—C(3) bond Is less provabdic cause adoes ne 
oxidation data obtained with dihydrohypognavinone and de N-m 
(ride njra) 
CH. 
> 
3 H | WOH) 3(0H) 
i64 65 66 
Hofmann degradation of the methiodide of hypognavinol gave a des base (165), 
** The licated ¢ gur on of the metny oup pur \ t t y It nteresting to note that the 
ketoba obt i by catalytic r hypo ol (159a) is not identical ¢ 
and b nt fication. The nonidet probal jue to the difference in configuration 
ipt of this unpu {information fon . 
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in 70% yield and a by-product, m.p. 225°, which has been identified as a des-N- 
methyldihydrohypognavinolone Des-N-methylhypognavinol on treatment 
with palladium—charcoal or acid undergoes an allylic rearrangement to give two 
isomeric methyl ketones, one of which is identical with the Hofmann by-product 
(166). The resistance of des-N-methylhypognavinol toward a second Hofmann 
degradation is well accommodated by structure (165), for the £-positions to nitrogen 
at C(1) and C(12) carry no hydrogen and formation of a C(17)—C(19) double bond 
would violate Bredt’s Rule. 

lhe size of the heterocyclic ring in (164) is indicated by oxidation of triacyl des-N- 
methylhypognavinol derivatives (167) to 6-lactams."” Thus oxidation of tribenzoyl 
and tri-p-nitrobenzoyl hypognavinol gave lactams (168) with amide absorption at 
1656 and 1630 cm™ respectively. A similar oxidation of the triacetyl-des-N-ethyl- 
hypognavinol gave a lactam showing absorption at 1635 cm~'. Saponification of the 
latter gave a product with amide absorption at 1614cm~'. All these values are within 


the range characteristic of 6-lactams.' 


68 


which two are acylable. The nonacylable hydroxyl is tertiary since tribenzoyl hypo- 
gnavinol (dibenzoylhypognavine) can be recovered unchanged from oxidation with 
chromium trioxide—pyridine. Oxidation of dihydrohypognavinone (170) under the 
same conditions gives a diketoester (171) which has a methylene group adjacent to 
the newly created carbonyl. (Zimmerman color reaction.) Saponification of the 
diketoester gave a pair of epimeric diketoalkamines (172) which undergo the usual 
reducing reactions for x-ketols and in contrast to the diketoester (171) consume one 


mole of periodic acid. It is thus clear that the new carbonyl group together with the 


benzoyloxy group comprises an «-ketol estet 
The location of this a-glycol system in ring A of the hypognavinol skeleton is 


il 


provided by the following data. Oxidation of des- N-methylhyp« gnavinol (167) with 


silver oxide in ether or alkaline ferricyanide affords a crystalline carbinolamine ether 


CH, 


01S. Sakai, Chem. & Pharm. Bull. 7, 50 (1959) 
2S. Sakai, Chem. & Pharm. Bu 7, 55 (1959) 
1° Treatment of 169 for two hours with 50 per cent sulfuric acid at 135° gave no detectable acetic acid. 


Hence, the band at 1614 cm~ is due to lactam absorption and not an N-acetyl group 


The three remaining oxygen atoms of hypognavinol exist as hydroxyl groups of 


CH 
CH 
OR 
N pyr OR 
2(OR) 
CH | OH 
R =C,H.CO 
67 R=p—NO,—C,H.CO 
lw CH. | Oo CH CH, | 0 CH 
| | = 
| 
= | |8z0 | | HO 
170 172 
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(174), C.,H.;NO,, pX,’ 5-33, from which the starting material may be regenerated by 
reduction with sodium borohydride. Salts (175) of the carbinolamine ether show 


infrared absorption typical of the >C==Nc group (1686 1679 cm™~') and regenerate 
the parent base on treatment with alkali. Acetylation of the perchlorate of (175) gives 


a triacetate (176) with a pA, of 10 5 (50 per cent cellosolve). The Japanese workers 


explain the format f a carbinolamine ether by assuming that oxidation proceeds 


initially at C(16) |o to give 173. Subsequent elimination of water between the 
hydroxyl and a properly disposed neigl boring hydroxyl \ d give the required ether 
Models show that an axial hyd oxvl at C(3) is mos vora or this closure. More- 


over, it is to be noted that oxidation at C(17) ts ul ince th ypen form (salt) of 


(2) or C(4) 


9a) or (179b) 


7 
~ 
bd 
4 
‘ 
Dat 
pat 
na nit I iving a ixial 3 ydroxyvi group and the 
, ‘ ther tl second hydroxyl of the glycol syste! is at Ci 
| 
ry ma ce N ell yporena no! (16/) require 
lor ul mption oO! a ole of periodate or tetraacetate, it 
“ ferred that a ’ ystem is present. The benzoyloxy group in hypo- 
ra or 4 iration The site of the tertiary 
Hypog thus represented by structure (17 
R 
DH HC Ow 
> 
low 3° 
4 CH 
TA Ret TB ob. ReH 
R 73 b.R CC 
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C. Kobusine 


Though twenty years have elapsed since kobusine, C,,H.;NO., was first isolated 
from Aconitum sachalinense Fr. Schmidt by Singinome,"’ its structure has only 
recently begun to be clarified. In the early work one oxygen was shown to exist as a 
hydroxyl and the other thought to be in an ether linkage. The presence of one double 
bond was shown by hydrogenation." Subsequent work by the Okamoto school has 
revealed many similarities between the chemistry of kobusine and ignavine and 
hypognavine and allowed the skeleton to be derived with reasonable certainty.’ 

The later work has demonstrated the presence in kobusine of a secondary allyl 
alcohol moiety (180) (1648, 888 cm~') such as is common to atisine, ignavine and 
hypognavine. Thus reduction over palladium-charcoal gave dil ydrokobusine (181) 
and two isomeric ketones, x-dihydrokobusinone (182a) and }-dihydrokobusinone 
(182b) which result from rearrangement of the allyl alcohol system. Spectral pro- 
perties were in accord with a ketone in a six-membered ring (1705cm~'). The /- 
dihydrokobusinone could be obtained from the «-isomer or from kobusine itself by 
treatment with 5 per cent hydrochloric acid. Oxidation of kobusine with chromium 
trioxide—pyridine gave a monoketoalcohol, kobusinone (183) (3100, 1692, 1632 cm~*) 
and a diketone, ketokobusinone (184) (1721. 1708. 1628 cm~) bot ’ which com- 
pounds are «,/-unsaturated ketones Catalytic hydrogenation of ketokobusinone 
gave a saturated diketone (185) (1707 ') which was identified with the product 
obtained by oxidatio f $-dihydrokobusinone. A similar hydrogenation of kobusi- 


none (183) gave x-dihydrokobusinone (182a It is rather interesting that ketoko- 


businone (184) gave a con pound with the configuration of the methyl group epimeric 


1YSO) Chem. Abstr 


CH CH CH CH 
OH OH O 
OH OH OH OH 
: 8 8 82 a 82 b 
2 
rd 
H r 
83 84 85 
or r.S i j inn. 545, 22% 40 
kK i { 1A 
H.S S. Kak Ss H 4, 25 (1950) 
Che 46, 10% 
H.S 1S. In lo li, m.) 4, 3 Chem. Abstr. 4, i 
1008 $2 
nd S. Umezay Fac. Se H sido Ser. 111, Chem.) 4, 15 
46, 10 1952) 
~?T Oka Chem. & Pharm. Bull. 7, 44 (1959) 
1° M. Natsume, Chem. & Pharm. Bull. 7, 539 (1959) 
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to that obtained from kobusinone. The above reactions demonstrate that kobusine 


contains a CH,--=-C-—¢ OH group and another secondary hydroxyl in a Six- or 


larger-membe 
Selenium hydri natio 7-dimet -6-n-propylphenan- 


threne, tl haracterist! ro droignavinol™ and hypognavinol™ and two 


ol the isolation of 
ypo mavine, 
Oniy one 


aromatic Dases which Nave Not yel Oeen a 
| 7-dimethvl-6-n-propyiphenanthrene and by analogy \ ivi 
ted nat tructure of kobusine may be repre- 
sented by (186).""° 
ry 
1 \ 
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SUR LA GEISSOSPER MINE 
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Abstract 
ON 


Pharmacie, Paris 
(Received 19 December 1960) 
( HON } ne 
C,,H,,0.N;. D et rzuments 
exper rit | 
; LA geissospermine, d erte en 1877 par Hess« st le principal alcaloide du 
Geissospermum lad (\ 70) B vOCyVNAC DI ienne connue depuis long- 
temps cn therar I fe Dril nao 
poses p i for truct r Rid it et Manson 
> 
sistyrine 
QO. Hesse, Ber. Disch. C) ( 10, 
O.H jan. CH 202 
A. Bertho et H. F. Sarx, A Chem. 556, 2 M44 
K. Wiesner, W. Rideout, J. A. Manson. Experies 9, 3 1953) : 
113 


Maurice-Marie JANOT 


La conclusion essentielle de ces travaux est que la geissospermine résulte de 


l'union de deux parties qui peuvent étre séparees pal hydrolyse acide. 
Au cours des trois dernieres annces, les recherches simultanees et indépendantes 


} 


de Rap yport et de ses colla Oral ° et celles du groupe de la | aculte de Pharmacie 


eu©rs 


de Paris (Le Hir et Puisieux, Le Men et Lévy. et Goutarel**~™) ont abouti tout 
récemment™ A proposer pour la geissospermine la formule structurale I dont la 
justification fait l'objet de la presente mise au point 

La geissospermine (I 213-214, (x) 101° (éthanol) correspond a la formule 


définitivement acceptee depuis l'étude des produits d’ hydrolyse. 


Dans I: i hlorhvdrique 2 N, la geissospermine se scinde en geissoschizine et en 


H,.O,N, + H,O = Cy, + 


rmin geissoschizine geissoschizoline 


Dans l’acide chlorhydrique concentre, la geissoschizine est partiellement rem- 


ve au contraire une condensation de la 


geis soschizoline redonnant partiellement de la getssospermine.™ 
( e on ie verra ita ete egaicmel possibdie Ge realise! directement la 


et inversement le passage 


4 STRUCTURE DE LA GEISSOSCHIZINI 


La soscl e. (I 194-196 (x) 115° (ethanol) repond a la formule 
I possede un groupement methoxyle et deux atomes d’hydrogene 
actifs, un seul groupement C—-CH L’oxydation chromique par la méthode de 
K n—Roth ne fournit que de l’acide acetique qui peut etre caracterise par la méthode 
complétée!?’ de Bickel, Schmid et Karret ’ L’ozonolyse provoque la formation 


ic d’une chaine éthyli- 


Des trois atomes d’oxygéne présents dans la molécule, un appartient a une 

fon n aldéhvde et les deux autres a un rroupement carbomethoxyle 
La fonctk aldéhyde est mise en evidence par la formation d’une dinitro-2-4 
irazone. isolée sous forme de chlorhydrate Cy-H,OgNg, HCI 198") 


présence d'une bande d’absorption 


1720 cm jans le spectre I.R. du chlorhydrate de dinitro 2-4 phénylhydrazone 


Si, 


4404 (1960) 


\. Be » M. Ko t M. 1. Feros Chem. Ber. 2581 (1959) 
H. Bick H. Schmid et P. K er, H Chim. Acta 38, 649 (1955) 
nreur, Bu Soc. Chim. Fr. 1198 (1957) 


114 
| 
placee pal un produit Ge ydratanhion ia 
D | observe 
deshvdratation de la CN 
ac eISSOSCHIZING a la geissoschizine 
d'acetaidehyade. On en dedaull ia presenee gans ta 
4 
et par la réaction de Tollens qui est nettement px 
ter carboxy! t révélée par 
| 
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Cependant le spectre I.R. de la geissoschizine ne posséde pas de bande vers 
1720cm~*, mais il présente par contre 4 1650cm~! une large bande qui permet d’envisa- 


ger la présence d’un groupement ester /-aldéhydique. 

Cette hypothése est confirmée par le caractére facilement énolisable de la fonction 
aldehyde (la geissoschizine est soluble dans les solutions aqueuses de soude) et par les 
faits suivants 

(a) La geissoschizine, traitée par la potasse aqueuses 2 N, a reflux, perd les éléments 
d’un carbonyle en donnant un acide C,,H,.O,N,, | 213° don tle spectre U.V. est 


indolique 
H 


O—C—C—COOCH, 


RCH, COOH 


H R 


(b) La geissoschizine traitée par une solution aqueuse N d’acide chlorhydrique, a 
reflux conduit par décarboxylation 4 un aldéhyde VIII non cristallisable nommé 


cependant geissoschizal dont le spectre I.R. a une bande C=O a 1710 cm”! et dont 


le spectre U.V. est indolique 


O—C—-CH—COOCH, R—CH,—CHO 


H R 


(c) Le spectre U.V. de la geissoschizine résulte de la superposition de deux 


chromophores, celui de l’indole et celui du groupement ester /-énolique. Rapoport 
et ses collaborateurs ont pu reproduire le spectre U.V. de la geissoschizine (en milieu 
alcalin) par superposition du spectre d’un alcaloide indolique et de celui de l’acetyl- 
acetate d’ethyle (dans la soude 0-1 N).° 

Le squelette heterocyclique de la geissoschizine a été établi de la maniére suivante 
par Rapoport et ses collaborateurs.* Ces auteurs réduisent le geissoschizal par la 
methode de Wolff—Kishner. La deshydrogénation par le charbon palladie du dérivé 


desoxygene obtenu, fournit /’a/styrine, 11 déja preparee a partir de divers alcaloides 
dont la corynanthéine’* et par synthése.'® 

A la suite de quoi, ces auteurs proposent la formule plane III, trés voisine de celle 
de la corynantheine et de la corynanthéidine I\ 

Nos travaux résumés dans le Tableau | confirment cette structure. IIs fixent le 
raccordement en position 15 de la partie oxygénée de la molécule et en 20 celle de la 


chaine ethylidene, en méme temps que la stéréochimie. 


En effet, il a été possible de préparer a partir de la corynanthéidine IV et de la 
d 


geissoschizine III un dérivé commun, le corynantheidol \V 

Le corynantheidal VI donne directement par le borohydrure de sodium, le cory- 
nantheidol déja décrit.”” 

Le geissoschizol VII obtenu par réduction, soit du geissoschizal VIII par le boro- 
hydrure de sodium, soit de l’acide, CjgH,,O,N, IX par LiAlH, est hydrogéné en 
presence de platine Adams, pour donner le corynantheéidol V identifi¢ par son point 
de fusion et son spectre infra-rouge 


La configuration absolue de la geissoschizine III peut ainsi étre déduite de celle de 


'* M.-M. Janot et R. Goutarel, Bu Soc. Chim. Fr. 588 (1951), 
‘*y E. E. van Tamelen, P. E. Aldrich et J. J. Katz, J. Amer. Chem. S 79, 6426 (1957) 
C. Vamvacas, W. V 


Phi ipsborn 


- 
ta 40, 1793 (1957), 
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TABLEAU | 


corynantheidine geissoschiz 


irmee par sa synthese,” c’est-a-dire que cet 


alcaloide des alcaloides qul ont hydrogene en 


position Cal 5 (selon la nomenclature des steroides). 


DE L’APOGEISSOSCHIZINI 


hizine s’obtient soit au cours de hydrolyse de la geissospermine 


I apogeissose 


par l'acide chlorhydrique concentre, soit a partir de la geissoschizine par action de 
15 


cet acide a froid ou par celle de l’acide polyphosphorique a 60 


La base n’a pu étre isolée a l'état cristallis¢, mais elle donne un chlorhydrate qui 
cristallise dans l’ether-méthanol C,,H,.O,N,, HCl, (1 145°). L’apogeissoschizine, 
qui ne différe du point de vue analytique que par H.O de la formule de la geissos- 
chizine, a conservé le groupement carbomeéthoxyle et la chaine éthylidéne. Par contre, 


elle ne renferme aucun hydrogene mobile et ne présente aucun caractere aldehydique, 


21 M.-M. Janot, R. Goutare 4. Le Hir, G. Tsatsas et V Prelog, Helv. Chim. Acta 38, 1073 (1955) 
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ce qui conduit a penser que la deshydratation se produit entre hydrogéne actif du 
cycle indolique et lhydroxyle de la fonction aldéhyde sous sa forme énolique pour 
donner X," ce qui est en accord avec les spectres U.V. et I.R.™ et confirmé par 
Rapoport et ses collaborateurs’ qui ont fait la synthése de produits possédant le méme 


chromophore. 


L’apogeissoschizine, par hydrolyse alcaline donne /’acide apogeissoschizique XI 
CopH No, 176°). La réduction de la fonction ester par LiAlH, conduit a 
alcool primaire: apogeissoschizol X11 CypHggON,, (F = 245°), +-64° (pyridine), 
lequel reduit par l"hydrogene en presence de platine Adams a la pression ordinaire et 
dans l’éthanol fournit le dihydroapogeissoschizol (I 233°)" avec 


un rendement de seulement 30%. Le dihydroapogeissoschizol peut étre acétylé par 


l’'anhydride acetique, dans la pyridine. Le spectre I.R. de cet ester présente 4 1720 cm 


et 1220 cm™~ les bandes caracteristiques du groupement acetoxy. 


Tous ces résultats confirment la structure X proposée pour l’apogeissoschizine. 


Il est intéressant de noter l’analogie de structure existant entre l’apogeissoschizine 


et la mavacurine, alcaloide naturel isolé de différents Strvchnos.“ 


Rapoport et ses collaborateurs ont réalisé le passage inverse de l’apogeissos- 


chizine a la geissoschizine ¢galement par traitement par l’acide chlorhydrique con- 


centre,” ce qui justifierait une etude particuli¢re plus approfondie de la réaction car 


cette constatation presente un grand intérét biogénétique : passage alcaloide du type 


corynantheéine a un alcaloide du type mavacurine et inversement, or on sait quel réle 


capital joue deja la corynantheine dans les hypothéses biogénétiques des alcaloides 


indoliques. 


C. STRUCTURE DE LA GEISSOSCHIZOLINI 


249 


La geissoschizoline (f 126°), (x) (éthanol) posséde: une 


chaine C(C,H;) (loxydation chromique donne de Il’acide acétique et de Il’acide 


propionique); deux atomes d’hydrogene mobiles correspondant a un NH et a un OH. 


L’un des atomes d’azote est basique et tertiaire, on obtient, en effet, un monoiodo- 


méthylate et un mono-chloromethylate. 


L’examen du spectre RNM élimine la présence d’un groupement N—CHs, le 


second atome d’azote fait partie d'un heterocycle indolinique comme le montre le 


spectre U.V. typique d’un derive indolinique 3-3’ disubstitue. Elle donne un dérivé 


diacétylé dont le spectre I.R. presente les bandes caractéristiques du groupement 
1 


acétoxy 41710 cm~' et 1220 cm~' et celle d’une fonction amide disubstitué a 1635 cm 


Le spectre U.V. (A. : (loge): 252 mu (4-17), 282 (3-66)) de ce composé est 
ix 


analogue a celui de la strychnine ce qui confirme la nature indolinique de l’hétérocycle 


N N 
N N 
X R=z=COOCH 
XI R=COOH : 
x R HOH 
a 
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et d’autre part permet de déduire que l’atome d’azote dans la geissoschizoline est 


geissoschizoline est 


porteur d’un atome d’hydrogéne et que l'atome d’oxygeéne de la 


alcoolique 
Cependant le spectre I.R. de la geissoschizoline ne présente qu'une large bande a 


3350 cm™! ce qui conduit a supposer que les deux groupements NH et OH reéveles 


chimiquement, sont en chélation dans l’espace et ainsi vorsins l'un de l'autre. 
Ceci est confirme par loxvdation de la geissoschizoline, suivant la methode 
butylate tertiaire de potassium, qui donne un compose 


212°), 897° (éthanol) 


dont le spectre \ est 


d’Oppenauer en presence 


cristallise a fonction de couleur jaune, (f 
ectre I.R. présente une large bande a 1560 cm 


identique a celui decrit pat Karrer et ses collaborateurs™ pour la fluorocurarine qui 


dont le sp 


comporte le chromophore XIV 


pal les relations 


iuire Apocynacce, 


le P 


Gcrive 


il convient de décrire encore deux 


e de potassium en milieu acetonique, 


ertiaire dont la formule C,,H,,ON, 


hizoline, 165°). 362 


cond 


ne différe que par H, 
(pyridine )et qui possede encore la chaine 


2293 (1958) 


= K. Bernauer, F. Ber 


Pot r rotatl narquabdie es iussi COomparadie a Celul Ges 
y-methyiene-ind 
La formation de cet iéhvde montre que la fonction alcool est primaire et 
autorise a er cette | ri 
cycie 
< l'on rapproche tous les résultats précédents du fait que Bertho, Koll et Ferosic 
ont obte ic X\ uit id ul id 
rit na edatl wer acet alcaloide la structure de I avail XVI 
gu il taul t ac 
important is d 
La getssoscl ne, oxydée par le permanganate 
un dérivé insaturé 4 caractére d' amine 
éthyle. 
SE lace, W. V. Philipsborn, H. Schmid et P. Karrer, Hele. Chim. Acta 41, EE. 3 
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Le spectre I.R. comporte une bande d’insaturation 4 1560 cm caractéristique 
selon Karrer* des alcaloides indoléniniques. 

La formule partielle XVII interpréte les faits, mais le pouvoir rotatoire élevé et 
négatif et ’'obtention d’un monoiodomethylate conduisent a la formule XVIII. 

Quant au spectre U.V. il correspond en milieu neutre a la sommation des spectres 
das aux chromophores XVII et XVIII, et en milieu acide N il y a déplacement vers 
les grandes longueurs d’ondes ce qui implique l’apparition d’un troisiéme chromophore 
du type XIX qui représente le cation commun 4 la forme alcool allylique XVIII et a 
la forme carbinolamine XX qui en derive par transposition allylique. 


Deux positions sont donc a envisager pour la double liaison ce que represente 


formule XXI attribuable au produit d’oxydation permanganique 


pour donne! 
par LiAlH, 
128”) 


de nest pas 


ns habit 


ne comporte qu’u pas d’ rogel tif et n’est pl tylabl 


| hy ene a et nest plus acetylable. Tout 


uelles 


actif de 


XX 


qgazote tertiaire contirmes 


la formule 


Il caracterisée pat 


eme is 2 atomes 

par l’obtenti ‘un dipicrate 2C,H,N,O.; 
30°): (x) 41° (pyridine) 

Le spectre I.R. ne comporte ni bande OH, ni bande NH 


dihydroindole a 1580 cm le spectre U.V la geissoschizoline décalé 


mais bien la bande 


legéerement vers les petites longueurs d’ondes 


log e) 240 my, (3-75); 285 mu 
(3 46)] 


K. Bernauer, W. Ar 1960) 


> 
. N é N N 
HA, 
CH 
XVII XIX XX 
xx 
Cette delocalisati ge ia Gouodle haison explgque gu aucune des reactions effect- 
uees avec Ce derive ne se presente comme univogue 
Un deuxieme derive important de la geissoschizoline est celui qui résulte de la 
tosylation 
| reissoschizoline réagit avec | hlorure de tosvl lene le muridine 
ad vel i¢ Vic gal a pyridine 
un tosylate amorp ul, traite par la soude alcoolique N 4a reflux, o 
conduit a i eis rps non oxygene ( 
(x) 48° (ethanol) 
Cette base qui ne differe de la geissoschizoline que par la perte PF 
hydrogénable catalytiquement par le platine Adams dans les condi 
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tre d’une part que la formation d’anhydro- 


Cs par les carbone 


est 
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Srerec chimie et configuration absolue 
L examen des modéles moléculaires mon 
geissoschizoline n'est possible que si les atomes d’hydrogéne port’ 
or 16* d ne entre cux, et que d autre part cic 
nt par rapport a i at d‘hydrogéne porté par le carbone-15 
“ils so rans ila 
O 4 nf ration relative la 
‘ 
\ t Rob 
| | 
XATN 
} XAVI 
XAVITI i 
> ryc ehyde de 
W 
? XXVIII qui est pa ent démontrée, permet de 
" i¢ ure at XXVI ad ECISSOS- 
cl 
I part ainy ~2-16 akua de la a oschizoline (qui 
H. Ww. 494 
7A 9. 824 
K.A 1, 172 (19 
Levy. J. Le M M.-M Fr » (1060) 
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TABLEAU 2 


SSOSC izoline 


XXII1 reduite direct nt par onduit a un compose 
AALA, (x) ilcool a 96°) porteur 
Cri et dont ny cataivul ] it ympose XXX 


182 (yx 


produit XXXI, dex 

de la geissoschiz I 
un melange 
derive XXX issu de l'akuammicine 

Pour la méme raison d’encombrement st jue gue celle invoquée lors de lhydro- 
genation catalytique du compose XX\V peut attribu atomes d’hydrogene 
du composé XXX, en position 16 et 20, l’orientat 

L*hydrogénation catalytique en présence de platine Adams du produit XXXI 
d’oxydation permanganique de la geissoschizoline conduit 4 deux alcools isoméres; 


est la geissoschizoline elle-méme XX VI, l'autre XXXII 85° est nécessairement 


4 
121 
La 
4 se 1ssoschizoline 
N 
Lid. Wielond mich 
N N 
> 
est en 2-—I¢ t ilcool AXVITI t en 2-16) s’exr ent par a 
Si l'on admet rs de ne ne de I’'alcool XXV, 
le catalyseur doit pi r pat $s encombre de ia 1 ecul¢ n peut 
attri ra Vator ) ry 
Une autre relation a pu étre établic tre !akuammicine et la coil 
Table il 5) 
L’akuam 
de SOAVEOCNIC 
exo-n 
C,,H.,N., 
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TABLEAI 


a stéréochimie des carbones- 


16°) ni au derive 
ildéhyde de Wieland 


Giimlic! en orientation 2 


Les co lusi ec ntc nt nirm » par ae travaux recents de G 


Smith et 
Ces auteurs ont prepare a tir de l’a de de Wiecland—Giimlich le compose 


XXXIII qui possede ut onfiguration absolue bien établie puisqu’il donne le méme 


diol XXXVI que cet aldéhyde traite par BH,Na 
L*hvdrogénation de XX XIII en présence de platine Adams (et d’acide perchlorique) 


fournit le dérivé XXXIV qui peut egalemet épare par epimerisation au moyen 
lit et de méthanolate de magn m, de la tetrahydroakuam- 


de methanolate de sod 


micine XXXV_ resultant elle-méme de I"hydrogénation catalytique de la chaine 


éthvlidéne de la dihydroakuammicine. 


* Communication ¢ Dr. Smith lors d'une récente visite au laboratoire et qui doit étre prochainement 


publice 


‘ 
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Ce qui montre bien la configurat le la tetrahydroakuammicine qui ne peut 


différer de son isomére XXXIV que par |: iiguration du carbone-16. 


configuration de la geissoschizoline qui est, comme nous 


» de la tetrahydroakuammicine XXX\ 


Ceci confirme en 


l’'avons vu, ident 


Geissospermine ou mod 
geissospermine 
mophore H 


d’hydrogéne mo 


En tenant compte de 
geissoschizine et de la presence d’un seul atome 
permine, deux formules possibles fur 
Mais la formule XXXVII n’explique 
able alors que la geissoschizoline I’ 


action de lhydrure d’aluminiun 


Par contre, la presence d’un cycle tetrahydro-métoxazine comme dans la formule I 


a ete confirmee par l’etude de la condensation de la geissoschizoline avec un aldéhyde 
moins complexe que la geissoschizine, l’acetaldehyde (Tableau 4).'° 
la geissoschizoline donne avec l’acetaldehyde la 


En solution acetique a 10' 
245"), 


méthylcarbogeissoschizoline qui cristallise sous forme diodomethylate (I 
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N 
CH_OH CH.OH H 
Aldehyde W.G XXXVI KXXV 
: 
> 
CN H CH.OH 
issoschizoline dans la 
( ( O de la 
Eee mobile dans la geissos- 
s pour cet alcaloide: I et XXXVII. 
2 i la geissospermine n’est pas acétyl- 
} jue l’obtention d’un seul produit sous 
—|ithium. 
4 
N N 
N N 
XXXYV 
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(a)2” +-3° (méthanol). La base est hydrolysee par l'acide chlorhydrique 2 N pour 
redonner la geissoschizoline et l'acetaldehyde. 

Sa structure est démontrée de la fagon suivante: la methylcarbogeissoschizoline 
XXXVIII est réduite par LiAIH, en N-ethylgeissoschizoline XXXIX Cy, HygOANg, 
(I 189°), (a) 15° (méthanol) identifiée avec le produit de reduction par 


Li AIH, de la diacetyl geissoschizoline 


TABLEAU 4 


e 


geissoschizoline geiss 
La formation de la N-ethylgeissoschizoline XXXIX a partir de la meéthylcarbo- 


geissoschizoline XXXVIII explique celle du geissospermol XLI obtenu par reduction 


de la geissospermine par LiAIH,. Dans cette réaction, il y a certainement reduction 


du groupement ester et ouverture du cycle tetrahydrometoxazine avec apparition de 


deux fonctions alcool primaire. 
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Le geissospermol (f 180-183"), («),’ —80° (éthanol) correspond donc 4a la 
formule plutét qu’a la formule C,,H,,O,N, precedemment proposée. *?” 
La formule I peut done étre adoptee comme la plus probable pour la geissos- 
permine. (Les atomes d’hydrogeéne en position /, c’est-a-dire au dessus de la molécule, 
sont représentés par un point noir-les liaisons « au dessous de la molecule sont en 


pointille.) 


> 
* Il semble que W itet Ma oO ont par | AIH, ouv ie cycie tetranhydrometoxazine sans 
touche 1 grouper jue Rapory borateu i e du sodium dans |’'ammoniac 
} quide, ont réduit 0 ment ter ¢ ilcoo mod ' cvcle tral rometoxazine y 
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Le Funtumia elastica est un arbre des grandes foréts de l'Afrique | quatoriale et 
Occidentale, connu depuis longtemps comme fournissant un excellent caoutchouc, le 
caoutchouc de l’Ireh. Nos recherches faites sur de petites quantités de drogue, origi- 
naire du Congo ex-Belge, ont montré des teneurs en alcaloides totaux de 0-6 « dans 
les ecorces, 0°4°, dans les racines et de 1-8° dans les feuilles. De ces dérniéres. a été 
retire un alcaloide cristallisé, dénommé iréhine. dont l'étude chimique est en cours.* 

Le Funtumia /atifolia est un arbre de I’ Irique Occidentale, tres répandu dans 
toute la region des grandes foréts, en Guinée beria, Cote d'Ivoire, Ghana etc. On 


ne trouve aucune indication d’une étude chimique « {te espece jusqu’a la décou- 


erte, en 1958, de la funtumine et de la funtumidine* Les feuilles de Funtumia latifolia 
sont tres riches en alcaloides totaux, environ 3-5°., dont 1-6°% de funtumine et 0-4° 
de funtumidine. Les écorces sont moins riches—de 0-45 a 0-8 et l'on en a retiré 
en petites quantites,’ deux autres alcaloides atifoline (0-02°.) et funtumafrine C 


(0-02°,). Quant aux racines, la teneur en al les totaux est de l’ordre de 0-15 


La structure de la Funtumine |, peut étre établie facilement par deux reactions 


simples 


part la desamination oxydative de la funtumine, selon la méthode de 


conduit au dérivé connu: le 3,20 dioxo(5z)pregnat méme désami- 


e chlorite de sodium. 


( larke’ ra | 
ondulit au 


au 


Ruschig?, 
nation peut etre faite par une nouvelle methode d’oxydation par | 
catalysee par le tetroxyde d’osmium, et mise au point par Pappo*. 
d autre part, la funtumine, methylee selon la mé « l’Eschweiler 
ACIUC OT que UOT 11d el CUUILE e seion Wolff Kischner® ( 
III, identique au dérivé préparé par Haworth? om 
cours de ses recherches sur la structure de la conessin La funtumine est donc le 4a 
s4-a 10 20-0x0(5x%)p ine I. La presence d’une fonction amine primaire a été 
mise en evidence par©r reactions assiques de cette tonctior ( nati d’acet imide 
erive N-benzylideér 1USS ea phi¢ i-rouge, qui permet 
de caracteriser la presence d une bande NH 1 203 lal rhydrate d : 
funtumine D’apres K pectres I.R les chilorhydrates 
amines steroides, pe! t sti er pI res, secondaires et tertiatr 
grace aux vibrations correspondant aux groupes NH NH et NH Ces resultats 
sont fideles et caracteéristiques, particulié poul der imines d 
pregnane Le spectre |.R. de la funtumine présente. d’autre part une forte bande 
carbonyle a 1695 cn La configuratior de la nection amine primaire de la 
M.-M.J t.O. Ki H R G 246. 248. 98 <Q 
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néethode d’ Hofmann, de lhydro- 


\°. 20-oxo(S5a)pregnene V. Ce 


la Ttonction cetone. 


12s R. Can ARI 
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ont ete ainsi prepares, a partir de la funtumine et de la funtumidine,*-* ainsi que des 


derives du 5a-androstane a partir de la funtumine.*'! Les dérivés acétylé Xa ou tri- 


fluoroacetylé Xb de la funtumine, traités par les peracides, conduisent aux dérivés 
correspondants Xla et XIlb du XII. Aprés 


saponification et desamination, selon Ruschig. on obtient l'androstanolone XIII 


on alcool! 
preenane 
lamine B 
ese de la 

I] peut 
‘hydrure 


primaire 


on 
| Ac | sen | sr 
| 
9 RMN RHN 4 N 
. Le Funtumia af est un arbre pilus rare que les precedents et que l'on rencontre 
surtout en Afrique Equatoriale, plus particulierement au Congo 
On trouve ¢ tude faite par Wattiez et Sterno! ur leS graines de 
: Aickxia af (sy f f ma). Ces auteurs en ont retire un alcaloide dont le 
ulfate fond a iracteris¢ presence d’alcaloides dans les écorce i 
(| es ra uilles | ( Funtumia a a La teneur e1 
ides tot rand lIans ies es de / ad, mais, ctant 
donnee la dec rt a ne et d i funtumidine, | premiers travaux ont 
porte st es feu Funtu 1 al iicaloides ont ete sep: sen bases A 
Seu Das \ tp tet : ‘ ties differents 
( bn ibord des amines a fonctio 
Le ipl funtupt umine A 
La funtupi i XIV ed e fonction alcoo 
yvdroxy-20 oy XTX | de lia 
fonction al J naits re ip e A. Disons 
tout ad lite et ai st 1) (Sx)pregenal i contnigura- 
partielle et par nt 
La funtupi uv BXYV est une a i laire, possedant une fonct 
XIX. Nous a e de la « ition 20% de la tuntup 
puisque ce der ete prepare par termediaire de la sy! 
conanine. Cet alcaloide « ; vdroxy-20% met imino(5x)pregnar 
etre obtenu a partir d i funtuphy A. par reduction au moyen de 
d aluminium-—lithius lu rive dil yie (amide-ester) de la base amine =P. 
Ceci contirme la configuration 20 de la funtuphvilamine A 
M.-M. Janot. O. K R. Gou Bull. 10 (19 
N. W tF.s B 13, 13 
M.-M. Ja O. K g-Huu et R. Goutarel, C.R. Acad. Sci., Paris 250, 2445 (1960 
‘ P. Buschacher, J. K ) D. Arigoni et O. Jeger, J. An Chem. S 80, 2905 (1958 
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mner ic 3 ydarox 
gue a | tupl 
XX. conduit, pa 
tique. un melange 
De cette maniere 
en funtuphyllamine 


ageux dernieres pal 


les deux funtumatrines 


= 
AY 
’ 
| NH 
re t étre ol 
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j KX VII repa ir oxydal 
Cc. XVI ne C, 
SOT 
| es d | mu étre prépat th 
Sx) le S 
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S 
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O Cur it 
e direct ent poui 
thy X Vi ul wen 
N ons nt i reduction catalylique a OXI 
iy pat nlatine Adams et ¢ ion ac 
nréenat imine A, quia cte monomethy! 
B au invi n tt pnVila ( | oxvdation de ces 
chromique ou par la méthode d’Oppenauer, a donne 
B et 


131 


Stéroides aminés naturels des Apocynaceées 


Le genre Malouetia A. DC. fait partie de la sous-tribu des Malouétinées et de la sous-famille des 


Echitoidées. Ce genre comprend 27 éspéces, dont 24 appartiennent 4 l’ Amérique du Sud et 3 4l’Afrique 
Equatoriale 

Le geuachamacha est une drogue vénézuéelienne dont 
burgkii M.-Arg.. D’apres Planchon"’, Schiffer en aurait isolé un ilcaloide impur la guachamachine a 


lorigine a ete rapportee au VMalouetia schom- 


iction curarisante. On trouvera dans Planchon" et dans une monographie de Bisset'’ sur les alcaloides 


fu guachamacha et du genre Malouetia 


des A pocynacees | historiaque ¢ 


ju guachamacha date du siecle dérnier et 


L’étude pharmacologique et chimique ¢ 


mérite d’étre reprise. Bisset fait l'intéréssante suggestion, que la guachamachine 


pourrait étre un alcaloide bisindolique diquaternaire du type des alcaloides en Cy, 


retires des Strychnos et etudies par Karret Les Mal/ouvetia feraient ainsi le pont 


ilcaloides curarisants des Strychnées et les alcaloides en Cy, retires de 


entre les 


cértaines Apocynacees: Voacanga™, Geissospermum™ etc. ‘est efféctivement a ce 


titre que ces plante US intéréssaient et nos travaux ont porte sur le Ma/ouetia 


hequaertiana E. Woodson. originaire du Congo ex-Belge. Nous avons caracterise la 


tial ' 
présence d’alcaloides dans les ecorces, les racines et les feuilles de cette espece Les 
alcaloides des écorces et des racines ont été séparés en bases faibles solubles dans les 
olvants organiques (ether, chlorure de méthyléne) et bases fortes solubles dans l’eau 


Les feuilles ne contiennent pas de bases fortes 


A notre grand étonnement. nous avons isolé, des bases faibles, deux alcaloides 
yrécédemment retirés de Funtumia africana: dans les écorces, la funtuphyllamine B et 
lans ies feuille 1 funtumafrine C, a coté d’une base dont la structure na pas ete 
établie. la ma/ouphylline. Des bases fortes, dans les ecorces et les racines, nous avons 

pare s 1O! e de perchlorate de picrate et de chlorure. une seule base que nous 
avons no! ee Mmalouetine L’activite pharmac dynamique de la malouetine a ete 
étudi¢e par Quevauviller et Laine et cette activite urarisante represente celle 
le la drogue. Signalons que Raffaut « ont étudie recemment le Ma/ouetia 
borea; la presence de bases quaternaires est signale¢ celles-ci n’ont pas ete 
La pharmacodynamie des bases faibles—-qui ne sont pas curarisantes—a ete 


U.V. est trans- 


La malouétine, XXI11, est une base diquaternaire dont le spectre 


‘lle ne fait pas partie des Curarisants 1soquino- 


parent, ce qui indique toul d’abord qu 
ynstitue une nouvelle classe de curarisant naturel 


léiques ou indoliques. Cette base ¢ 


et son étude chimique présente, de ce fait, un grand intérét théorique et pratique. La 


3 
ebauchee 
H.).N~ 2x (CH..).N~ CH,).N~ 
xX XXIV XXV 
L. Planchon, Pro f Mati é Montpe 1894) 
N. G. Bis I EL B ; 3, 105 (1958 : 
Bach C. Van H. Schmid et P. K H ( } 40, 1167 (1957 
F. Percheron, Contribu ett | , | Dr. S Paris (1958 
M.-M. Janot. JTetrahed: 14, | (1961) 
M.-M. Janot, F. Lainé et R. Goutarel, Ann. Phar Fr. 18, 673 (1960 
4. Quevauviller et F. Laine jan. Pharm. f 18, 678 (1960) ‘ 
R. F. Raffauf, E. Macko et O. Ribeiro, J. Med. Pharm. Chem. 2, 239 (1960) 
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pyrolyse sous vide de la malouétine, conduit 4 un dérivé monobasique, la malouéti- 
méthine, XXIV, possedant une double liaison. L’hydrogénation de la malouéti- 
méthine conduit au 32 diméthylamino(5x)pregnane, XXV, identique au produit de 


synthése décrit par Hawort! 


Ces résultats permettent de supposer que la malouétine est le 3, 20x bis-trimethyl- 
ammonium(5)pregnane. En effet, nous savons que la degradation selon la méthode 


d’Hofmann. des 34 triméthylammoniums, dans la série stéroide A/B trans, conduit a 


l'amine tértiaire 3/. D autre part, la formation de la double liaison de la maloueti 
méthine. avec é¢limination de triméthylamine, est le résultat d'une degradation 
d Hofmann classique Le second groupe ammonium quaternaire se trouve donc, soit 


Nous 


ivons demontre cette structure, par syninese cde ta yuéetine a partir de la funtuma- 
frine ¢ L’oxime de la funtumafrine C. XXVI, a été réduit par le sodium, dans 


. la fonction 


imal rs que la redu que ipalement au 
der 3a 3. Lad e XXVII. ainsi obtenue. a été méthylée en 3 dimethylamino- 
20x mane XXVIII. Ce der traité par liodure de meéthyle 
XXIII, X | A partir de ce se nous avons 


De es p gna-) it adicd aes H warrnen es) el du Paravallaris 


Apocynacees nous a 


pense! il devait nécessairement exister les de correspondants possedant une 


double liaison et appartenant a la série du pregna-5-ene. C'est, vraiment, en faisant 


cette ypothese eten n mus Dasant sur ia presence ac teroides amines simples dans les 

feuilles dé ij wnia., Que nous avons ete amenes ae udielr les feuilles des Holarrhena, 


puisqu il est connu que les ecorces de ce genre contiennent des alcaloides du groupe 


du pregna-5-éne et, en particulier Vholarrhimine XLV, precurseut éventuel de la 


e la sous-famille des 


rb t 


es Ou arbdustes Di 


Euh wrhena A. 1 et Al \. 1 Les principales recherches faites auparavant, ont porte sul les 
nales: Holarrhena antidysenterica (Roxb.) Wall., Holar- 


ecorces et ics graines ac especes principals 


rhena congolensis Stapf et Holarrhena floribunda (G. Don) Dur et Schinz. L’éspéce H congolensis est 


el 
| N(CH N(CH N(CH 
q 
prepare ie perchiorals ru e picrale ouctine Tous ce Seis sont 
dentiques aux derive es] lants du produit turel et le spectre I.R. du picrate 
syvnthetique est superpos ice gu picrate nature 
Devant ce resulta prepare ies eres possibdies dc i maliouetine 
gue complete de ces nouveaux Curarisants 
micropnyliia 
CONESSUIE Al Vi. 
Le genre Holarrhena R. Br. fait partie de la sous-tribu des Holarrhinées ct (777: 
Plume d Ce genre prend 7 8 éspéces constituees par de petits - 
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considerée comme douteuse par Pichon** qui la range dans la séction A/epis et en fait un synonyme de 


H. floribunda 


Il est curieux de noter que les travaux precedents ont porte, presque uniquement, 
sur les écorces et les graines de ces especes. Ceci tient, sans doute, a ce que la drogue 
indienne, le kurchi, fourni par H. antidysenterica, est constituée par les écorces (écorces 
de conessie) et les graines (graines d’Anderjow). Seuls Dutta™ a éfféctué des dosages 
compares d’alcaloides totaux dans les écorces de tronc, les écorces de racines et les 
feuilles de H. antidysenterica et, Paris et Schmit*®.** ont dosé 0-06 4 0°35 °% d’alcaloides 
totaux dans les feuilles d’H. floribunda 

Nous avons tout d’abord repris etude des alcaloides des feuilles de l’espece 
africaine Holarrhena floribunda, dont le synonyme le plus couramment utilisé est H. 
africana A. DC. Les rendements en alcaloides totaux que nous avons obtenus (1°66 a 
1-9°-) sont plus é $ que ceux signales par Paris. Nous n’avons pas trouvé de 
conessine dans ces feuilles, mais trois alcaloides steroides dénommeés: /olaphylline, 


L*holaphyiline possede une fonction cetone, une fonction amine secondaire (NHCH,) 


palladium et en solution acetique 


Apres methylation, hydrogenation et reduction de la fonction cetone par Wollfl- 
Kischner, on obtient un derive con le 36 dimethylamino(5«)pregnane, XXX 
D’autre part, la désamination de ’holaphylline, selon Ruschig, conduit a la progester- 
one XXXI. La position de la double lia 
ine, XXXII, au 3 diméthylamino-pregna-5-éne 


antéricurement préparé par Haworth.’ Cette position est confirmée par la méthode 


iaison est détérminée par identification de la 


dihydrode SOXO-Metpn yi iolaphyl 


des differences de rotation moleculaire entre les dérivés insaturés prepares a partir de 
Pholaphylline et les derives satures correspondants La structure de lholaphylline, 


XXILX. est celle du 36 méthyvlamino-20 oxo-pregna-5-ene 
L’holaphyllamine XXXII1, conduit par méthylation a un derive identique a la 
méthylholaphylline XXXIV. dont la réduction, selon Wolff-Kischner, a donné le 3/ 


diméthylamino-pregna-5-ene XXXII. L’holaphyllamine est l’‘amine primaire corres- 
pondant a l’holaphylline C’est le 38 amino-20 oxo-pregna-5-éne. 


4. Schmit, Thése I P I Paris (1950 
* M.-M. Janot, A { Bull. S Ci Fr. 896 (1959 
’M.-M. Janot, A. Cav t R. Goutarel, C.R. Acad. S Paris 251, 559 (1960). 
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et une double liaison hydrogenable, en presence de Pe 
| 
4 
Xxx XXX! $ 
| 
HA H N N~ 
'M. Pichon, Mém. Mus. H \ P B. Bot) 1, 145 (1950 
A. T. Dutta, B. K. Ghosh et J. C. Gupta, / |. Méd. Res. 38, 467 (1950 
R. Par B 49 3 (1942 


R. 


XXXV, est une amine primaire cétonique, dont I’hydrogenation 


L’holamine, 
La désamination de cette 


catalytique (Pd/acide acetique) conduit a la funtumine, | 


base. par la méthode de Ruschig, a donne la progesterone, XXXII. L’holamine corre- 


XXX 


ement en 4,9 Ou 


laison elt propose pou! 
ne qui en fait Pepimere 3% de 
reactions taites a 


la double 


determinee 


laphylline 
XXXVI, la 
etudiees pal 
la serie du 


une amine 


des), XXXVI 


XXLX. et le 39 dimethy 
KXXKVibet XXXVITII 


1, en provenance 


etna mn nous avons Cafa 


de tormuls 
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| 5 
q 
XXXV 
spond a une denydroju ULL La double latson est situee necessall 
en 5.6. Nous avons pense que cette double ; 
holamine a structure immo-ZU ON 
‘holaphvilamine Cependant certains resull 
nartir de Tholamu nermettent de douter de la position proposée pour 
laisol tlet est gue tes derives iOstitues Gu pregna »-ene, Con- 
au pal yvaro il il yi al re | SCTIC SI cic \ B gui! est pas iv Las 
ae holamine conduisant a ta tunt ne En absence de corps de reference permet- 
td r l'incertitude, la position de cette double liaison devra ¢tra | 
if ad PoOsiti cere GQou ‘ ‘ I ‘ 
nar les methodes d oxydation ul lisees dans le cas d 1 CONCSSINe 
Nous ons realise cvnt olapnyiiing t ae i ethyvine 
faisant reagir sul 2 varoxy-2VU pre 
lulia t Magnat erik cholestero par Hawe da 
wegna-d-en Il es i gue |< btient. par cette reaction, 5 derive lS 
ne 68 de la série 3.5 cvclostéroide (isostero 
a 
H.HN 
XXIX 
| 
’ 
RY 
methy ne XXXIV. Par cont: ri 
Nous avons etud echantillons d Holarri . 
l'un du Viet-Nam, l'autre des Indes. De lechanullon \ EEE - 
cterise, Gans ics une amine cetoniquc jlénommee /holadysine, 
M WwW. Co timer. Che 70, 1839 (1948 
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brute C,,H3,ON, et un amino-alcool, lholadysamine des feuilles de 


l’espece indienne, nous avons retiré la kurchiphylline, amine cétonique, de formule 


brute C,,H;,0,N. Ces recherches n’en sont qu’a leur début. Elles montrent cependant 
que l'on ne retrouy e pas dans les feuilles des Holarrhena, des alcaloides identiques a 
ceux isoles des écorces, et aussi qu'il peut éxister de grandes différences entre deux 
especes identiques, mais d’origines différentes 

Deux alcaloides trés intéréssants, ont été étudiés dans d’autres laboratoires: 
Dickel, Lucas et Phillamy* ont retiré de Conopharyngia pach) siphon |e Deglucoside 
du hydroxy-20x amino-pregna-5-éne, XX XIX, et Chatterjee* a établi la structure 
de la chonemorphine, XL, qui est le A*, 36 amino-20 dimethylamino(5«)pregnene. 
Ce dernier alcaloide a été retiré de Chonemorpha fragrans (Moon) Alston (C. macro- 


phylla (Roxb.) G. Don) et de Chonemorpha penangensis Rid 


double liaison est demontree al utilisant ies reg - iifierences de 


yn moleculaire i détérmination de | ynfiguration 3 u groupe NHCH. est 


pasee sur | oDtenvion, par hydrogenation ¢ i < lAISOT ade derives 


de la serie steroiac \ 


La decouverte la plus significative. faite da cel erie de steroides amines, est 
celle de la paravallai isolee par Le Mer ins notre laboratoi partir de Paraval- 
wis roni Pit ird 
( A, (;. DD ( ere Kibata inee x 
ja ¢ ‘ 
| 5 
La paravallarine, XLI1, est le (20 S)-3 yian 0-hydroxy-!&8-oique lactone 
(-»>20)pregna-5-ene I let. cet alca possede une fonction amine secondaire 
une fonction lacton t une double liaisor Il peut etre hydrogéné en dihydroparaval- 
H.HN ; 
¥ 9 x x Xt 
arine, XLII, natio R usc u ictone XLIII 
identique au produit rec ment obdtenu p } r’’ dans ses remarquables recherches 
ur la fonchionalisation Gu carbone 16 de la Olecule steroide La desamination de 
la paravallarine, elle-méme conduit a la cetone conjuguee XLIV. La position de la ( 
D. Dickel, R. Lucas et H. B. McP { ( . 81, 3154 89 
A. et B. D \ ) 1.U.P.AC. osiu Aust 160) p. 12 
‘J. Le Me Bu ( 860 (1961 
B. Kamb G. ¢ ‘ D. Arig t O. Jeger, H Ch 1 43, 34 1960 
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Nous voyons dans le tableau, que la classification chimique des différents stéroides 


amines, permet de degager toute une filiation continue, allant de la série du 5z- 
yxregnane, avec de es amines en position 3, en position 20 et diaminés en 3 et en 
i la serie du pregna-5-ene presentant les mémes substitutions, pour aboutir a la 


CH. CH, 
HOH.C N CH ON CH, 
H 
NH 
H.).N CH_)N 
Da illarine OSILIO! La paravallarine est ainsi inter 
“4 liaire ents téroid é nanine. On peut I: 
ALVI. Let ele p pi ac ite cette rie ¢ la present 
nstitue pal e, XLVII, et par se ster hola e et holarrhétine.* 
p Mi nar 
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Dur varie! H ul scchen Abbau geht C-Curarin in die Ditertiare sos 
lets drobase** VII, C,H ON iber, ler zentra Teil der Curarin 
Ke U.\ nd |.R.-Spekt nac erandert gedueden Zu 
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L!.V.-Spekts (Indolin) und 
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Uber die Konstitution des C-Curarins 


Ill : bisnor —Tetrahydro V : bisnor Hexohydrocurarin 


In einer kirzlich ¢ enenel rl diskutieren Th. Wieland, Reinshagen und 
Fritz fur C-Curarin die u 2 H reichere Bruttoformel und die Strukturformel Ic. Bei 
lich die Autoren neben C-Fluoro- 


det Salzsaure-Spaltung Alkaloids fanaen n 
curarin in sehr kleiner Menge 1!8-Desoxy-Wieland-Gumlich-aldehvd Bel 
katalytischen Hydrierung von C-Curarin in verd. Schwefelsiure resulti ferner ein 


leider nur wenig charakterisiertes Dodekahydroderivat. in dem nel den zwei 


Aethylidendoppelbindungen die drei Doppelbindungen « s aromatischen Ringes 


und eine zusatzliche Doppelbindung abgesiittigt sein sollen. Die aus diesen Befunden 


gezogenen Schliisse scheinen uns aber nicht zwingend zu sein: C-Fluorocurarin geht 


namlich beim Erwarmen mit verd. Salzsiure in Desformylfluorocurarin und Ameisen- 


saure Uber,® die z.B. einen geringen Teil des Fluorocurarins zum 18-Desoxy-Wieland- 


Gumlich-aldehyd reduzieren k6nnte. Desformylfluorocurarin wurde von uns bei der 


Saurespaltung von C-Curarin neben C-Fluorocurarin stets nachgewiesen.’ Endlich 


rh. Wieland, H. Reins ind 48, 
K. Bernauer, W. Arno mi d P. Karre 
J. Nagyvary, uns ff 
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schliesst die Bildung von “unsymmetrischen”’ Hydrierungsprodukten eine aus zwei 


hen Halften aufgebaute ¢ -Curarinformel nicht aus, da bei Absattigung z.B. einer 


gleic 
zentralen Doppelbindung die Molekel 
leichfalls “‘unsymmetrischen”™ Hydrierungsprodukten fiihren kénnte. 


““unsvmmetrisch” wird und bei weitere 


Hydrierung zu g 
Weitere, nachfolgend aufgefuhrte Experimente bestatigen fiir C-Curarin die 

Bruttoformel C,,H,,ON,** und fihren zur Strukturformel | 

eegeniiber NaBH, und LiAlH, bestandigen bisnor-¢ 


Fisessig (Aufnahme 2 Mol H.,) lieferte das kristallisierte 


(1) Hydrierung 


Curarin® (11) mit PtO, in 


bisnor-Tetrahvdro-curarin (IIT), CygH,sON,,” in dem nur die beiden Aethylidenseiten- 


der Ozonolyse), und das hinsichtlich 


vesattigt 


aktionen, | -und pektret 1) mit Il weitgehend Ubereinstimmt. 


ler Hydrierung rrossen Ueberschuss von Platinoxyd, 
nan 3,5~ ol iufnehmen ntstanden weitere Hydrierungsprodukte, 
sowie in kleiner Menge das kristallisierte 
llisierte bisnor-Octahydro- 


erte Dundoline abtrennen 


lhen’”” ( Toxit 


nd OH-Bande! 


ketten aba 
Bel 
Wo 
ius 
curarin V. CaH,ON,. sowie wasserstoffreichere krista] 
eSs¢ Letztere konnt Material rel nicht ‘r untersucht werden 
Bisnor-Hexahyd! irin (LN t blauvioletter Cer(LV )-sulfat-und schmutzig vio 
letter Saipetersaure | teu \ spektrul Fig 1) das durcl 
TAR UN ALKOM 1.R. SPEKTRI 
( HOC 1-4 6-04 4 K Br 4 
B Hex | 1-34 CH¢ 
B \ 64 (4 6:24 
Ueberlagerung eines Indo! ind eines erin-1-chromophors zustande 
kommen kann Im IR. fehlen NH- und Shen vihrend die Toxiferin- 
Alkaloide und I. Il und III jewels eine einzige “Indolin’’-bande zeigen, tritt 1m 
Spektru on IV eine wenig getrennte Doppelbande bei 6-22 und 6°25 yu aul Auffillig 
ist die im Vergleich zu II und HI hohe Intensitat und Verschiebung der Enaminbande 
H. Sc K 33, +s W P oO 
H.S 39 
N \ M Farbreaktic 
23-D 0-19. ; 72 1-18 Schulter bei 309 n 
Spektre Qu Beck ( IR j 
B 2 +0 r OH NH-B } chtt ( cl 
Zusatz vi er DO. scib Weise hielt id base VIII 
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nach 6°07 uw. Die Verbindung wird durch Erhitzen mit Lauge (0-2 N KOH; 95°) 
ebensowenig verandert wie II. Bei der Hydrierung entsteht neben weiter abgesattigten 
Stoffen in kleiner Menge V (durch U.V.-Spektrum und Diinnschichtchromatogramme 
nachgewiesen). 

Bisnor-Octahydro-curarin (V) zeigt im U.V. (Tabelle 1) ein zweifaches, langwelliges 
Indolinchromophor; im I.R. fehlen wiederum OH- und NH-Banden.” Es gibt die 
fiir N,,)-alkylierte Indoline typische carminrote Cer(IV)-sulfat- und mit Salpetersaure 
eine rotviolette Farbreaktion. Auch V lasst sich weiter hydrieren. Erwahnt sei noch, 
dass bei der Hydrierung von III die Verbindungen IV und V héchstens in Spuren 
gebildet werden; III ist somit nicht direktes Zwischenprodukt 

Da, wie unter Punkt 4 gezeigt wird, bei der Hydrierung von II zu V (und damit 
auch zu IV) keine Emdespaltung zwischen den N,,-Atomen und C-21 bzw. C-2] 
eingetreten ist, und da auf Grund der I.R.-Spektren von IV und V eine Hydrogenolyse 
einer N...-C oder C--O Bindung ausgeschlossen werder darf, folgt, dass in IV der 
Sauerstoff wie in II atherartig gebunden, also eine C—C-Bindung des zentralen Ringes 
abgesittigt sein muss. Die Verbindung enthalt aber auf Grund der U.V.- und L.R.- 
Spektren noch mindestens eine Enaminbindung. Daraus lasst sich schliessen, dass 
C-Curarin und II und II] ei zentrale Doppelbindungen enthalten, womit die friihet 
von uns fiir das Alkaloid angegebene Summenformel C,,H,,ON, erhartet wird. 


Das fiir bisnor-C-Curarin (I1) massenspektrometrisch ermittelte Molekulargewicht 


betrigt 566 in Ubereinstimmung mit der Formel C..H..ON, fiir Il, bzw. der angege- 


benen Formel fiir C-Curarin 

(2) Die friiher erwahnte Indolinbase , , welche die Partialformel 
VIII besitzt, zeigte in konz. Salzsiure ein | -Spektrum, dessen Extinktion zwei 
Indoleninium-chromophoren entspricht, [/ 243 mu (log 4-16): 248 my 
(log 4-13) und 315 mu (log 13 g| U.V.-Spektrum 
C-Alkaloid D in konz. Salzsiure):™ VIII liess sich aus e olchen Lésung 
dert zuriickgewinnen. Reduktion der Verbindung in konz. Salzsaure mit 

15° gab nach Chromatographie eine amorphe Base IX, C,)H;, nit Indolin- 


{ 


absorption |[/ 255 mu (log 4:38) und 305 mu (log )} und keiner 
NH-Bande im Infrarot; sie wurde als kristallisiertes Dimethojodid, C,,H;.N,J., und 
Dihydrochlorid, 274° (MeOH), charakterisiert. Letzteres 
gab bei der modifizierten Chromsaureoxydat nur Essigsaure und nahm mit 
Platinoxyd in Eisessig ca. 2-4 Mole H, unter Bildung einer amorphen, im Hochvakuut 
destillierbaren Base X, Cy ,HsgN, (CHCI,); kein NH im I.R.) auf, die 
ein kristallisiertes Dihydrochlorid ({«] 244° (MeOH)) gab 
C-Toxiferin-I-dichlorid gab mit Pd/C in 0-1 N alkoholischer Kalilauge unter 
Aufnahme von 2 H, das bis-Emdeprodukt XI, (Smp. 174-1767; 
937° (CHCl): I.R.-Bande bei 6°04 (KBr); U.V.-Spektrum sehr 4hnlich 
demjenigen des C-Toxiferins 1). Durch Behandeln von XI mit 60-proz. Brom- 
wasserstoffsiure und Zink bei — 15°, Zugabe frischer Bromwasserstoffsaure, Stehen- 
lassen wahrend 20 Std. bei 20°, Verdiinnen mit Wasser und Reduktion mit Zinkstaub 
bei 20°" resultierte nach Chromatographie eine amorphe Base XII, CyyH;.N, (U.V.- 
und I.R.-Spektren: Di-indolin), die ein kristallisiertes Dihydrochlorid, C,)H;,NyCl, 


ve 

4 H.-D. Schroeder, H. Hiltebrand, H. Schmid und P. Karre Helv. Chim 
Vel. K. Bernauer, F. Berlage, W. von Philipsborn, H. Schmid und P 
(1959) 


’ 
1. At 44, 34 (1961) 
Karrer, He 42, 201 
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Struktul 
nen Gehalt an 


dasselbe 


Ozonisierung™ von bisnor-Tetrahydro-curarin (111) in Methanol, Behandeln 
Zink. Sau irolvse. gefolet von SO,-Reduktion allfallig noch vor- 
handener N,,,-Oxyde, gab Strychanon (XIV),'* das durch Mischprobe, spez. Drehung 


und 1I.R.-Spektren identifiziert wurde Der Befund spricht fur dic 16.1 7-bzw 


Weissma eshmat, K. Bernauer, H. Schmid und P. Karrer, 4 vir 43, 1165 (1960 
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stoff und Plat: 
ing nac (nro 
ts »74° die durch ein kristallines Dihydrochior: | 
227° (MeOH)) charakterisiert irde. Die U.V.-Spektren der Basen X und XIII 
SOWIE rer Dihydrochlorid 1 identisc die 1.R.-Spektren (in CCI,; Nujol und 
K Br) zeigen keine signifikanten Unterschiede. Die Nichtidentitat der beiden Produkte 
folet aber aus den etwas rschiedenen Drehunger nd geringen Unterschieden tn den 
Cer(1V )-sulfat-Farbreaktione: nd R,-Wertet n Diunnschichtchromatogrammen 
Auc! cic Debve schnerrel Diagrat e der Deldc Di yaroc oriae zeigen cine 
Reihe gemeinsamer Linien, sind aber nicht identisc! Wir glauben, aus diesen 
Befunden aber doch den Sci ss zichen zu diirfen, dass X meaner 
besitzen und sich nur durch Stereoisomerie oder durch einen verschiede 
Stereoisomeren unterscheiden. C-Curarin und C-Toxiferin | hatten demnac! aa: 
Get 
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16,17 -Stellung der zentralen Doppelbindung(en) in C-Curarin ;"’ das bei der Ozonolyse 
zunachst zu erwartende 2-Hydroxystrychanon wird mit Zink zu XIV reduziert. 

(4) Im 60 MHz-Kernresonanzspektrum® (CDCI,) zeigt bisnor-C-Curarin (II) 
das bei 319 c/s zentrierte Quartet (J 7 c/s) der beiden Vinylprotonen an C-19 und 
C-19 und das Dublett der beiden Methylgruppen bei 109 und 102 c/s. Das durch 
mehrere elektronische Integrationen bestimmte Verhaltnis von “‘Vinyl”- und “Aro- 
maten’’- protonen betragt 2 : 9-9 + 0-2. Aus der Aromatenregion sticht ein Dublett 
bei 400 c/s mit J |-2 c/s heraus. Ein breites, zwei Protonen entsprechendes Signal 
bei 220 c/s diirfte von den beiden Methinprotonen an C-15 und C-15’ stammen.” 
Signale von C-2,2'-Methinprotonen, die je nach ihrer Umgebung zwischen 235-318 
c/s" zu erwarten sind, fehlen. Im Spektrum von bisnor-Tetrahydro-curarin (II1) 
(CDCI,) erscheint in der Aromatenregion wiederum ein herausragendes Dublett 
(J | c/s) bei 400 c/s; Signale von Seitenketten-Vinylprotonen fehlen. Die Tatsache, 
dass zwischen 205 und 389 c/s keine Absorption auftritt, bestatigt erneut die Abwesen- 
heit von C-2,2'-Methinprotonen. Durch die Absattigung der beiden seitenstandigen 
Doppelbindungen wird das Signal der beiden C-15,15 -Methinprotonen nach héheren 
Feldstarken hin verschoben. Die beiden Methylgruppen geben ein fiir solche Aethyl- 
gruppen zu erwartendes, bei 65 c/s zentriertes Multiplett. C-Curarin-dichlorid in D,O 
zeigt folgende Signale: ein Quartett bei 375 c/s (J 6 c/s) der beiden Vinylprotonen 
an C-19,19", ein bei 135 c/s zentriertes Dublett (J 6 c/s) der beiden Methylgruppen, 


ein Singlett bei 215 c/s der beiden N CH,-Gruppen und innerhalb der Aro- 


natensignale ein etwas Feinstruktur zeigendes Singlett bei 442 c/s. Das durch mehrere 


Integrationen bestimmte “Vinyl-/Aromaten’’-protonenverhdltnis wurde zu 2 : 9-8 
0-2 gefunden. Das Spektrum von bisnor-Octahydro-curarin (V) in CDCl, zeigt die 
nur 0-1 Aromatenprotonen entsprechenden Signale an; es fehlt in diese 


Region eine herausstechende Bande. Das fiir die Aethylgruppen charakteristische 


Signal ist bei 48 c/s zentriert. Im Gegensatz zu III gibt diese Verbindung bereits 


komplexe Signale ab ca. 235 c/s gegen héhere Magnetfeldstarken 

Von besonderem Interesse sind die in den Spektren von II, [11 und C-Curarin als 
Dublette(J ~ | c/s) bzw. als Singlett auftretenden Signale bei 400c/s bzw. 442 c/s, die nur 
von annahernd in den Ebenen der magnetisch anisotropen Benzolkerne liegenden, den 
stammen k6nnen. 


Strukturelementen | Ib zugehérenden (¢ 
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CHO > XIV 


Hydrolyse 
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dass die Signale solcher Protonen in II und III, falls die beiden Substanzen im zentralen 


Teil aer Forn el Ib entspracnen, eine Verschiebung bis 400 c/s erleiden wurden Die 
} 
-Protonensignale von C-Curarin, Il und II] um Ca. 


Vergleich zur Lag entsprechenden 


\ 1 
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Banden in C-Toxiferin | und bisnor-C-Toxiferin | kann durch die Anwesenheit des 


Aethersauerstofis bedingt sein. Die Kernresonanzspektren machen daher fiir C- 


Curarin von den beiden alternativen Formeln | und la die erstere wahrscheinlicher.”® 


(5) Auflallig am C-Curarin und seinen Derivaten Il und ILI sind Halochromieer- 


scheiungen auf Zusatz von starker Siure. Bisnor-Tetrahydro-curarin (LI). das wi 


in dieser Hinsicht etwas genauer untersucht haben, zeigt intensiv violette Halochromie 


im Bereich von ca. 40-85-proz. Schwefelsdure: in kKonz. Schweteisaure jost sich 
das Alkaloid wie C-Curarin mit gelber Farbe auf. Beim Verdiinnen mit Wasser tritt 
zuerst Violetttarbung, dann Entfarbung auf Aus der verdunnt chwetelsauren 


Lésung lisst sich Ill in quantitativer Ausbeute unveriindert(U.V.- und LR -Spektt 


geibe Form 


ndlichen 


Teil in LV in 


iihnlicher Weise flexibel wie in C-Toxiferin-I und seinen Abk6Ommlingen, wodurch 


ine bessere Ueberlappung der Orbitale des Enaminsystems méglic ist Das von 
260-264 mu 


regeben wird (Tabelle 1) egt uter Uebereinstimmung demjenigen der 


bisnor- Tetrahydro-dihydrotoxiferine be: 29] Hydrierung eine zentralen 
Doppelbindun: in der Struktur la hin ven wurde die steriscnen Verhaltnisse aes 
verbleibenden Enamunsyste nicht verander! 


Auch LV gibt Halochromiereaktionen.” In 70-proz. Schwefelsdure oder konz 


Salzsdiure lést sich die Base mit intensiver rotoranger Farbe (Spektri Fig. |, Kurve 


4). die beim Verdiinnen mit Wasser wieder verschwindet: IV lasst sich daraus zum 


grossen Teil unveriindert zuriickisolieren. In konz. Schwefelsdure tritt Violettfarbung 


. Diinnschichtchi atogramme) zuruck gewinnen. Die violette Farbe in 70-proz. 
Schwetelsaure (Spektrur Fig. |, Kurve 2) ist unserer Ansicht nach auf die sdure- 
h ilysierte | wandl y des Curarinchr ophors in das Cyanin A zuriickzuftihren 
das in kor Schwel ire Wasser unter Ausbildung eines neuartige! 5-Di-azonium- 
Opnol B (Spektru Fig | Kur ) avdspaitel lO, 10 
N N N N N 
raw 
N N N N N 
> 
A a 
D -C-curarin-dichlorid liegt n konz. Schwefelsiure au 
Griinden nur in der violetten Farbe I 
Bisno! Hexal Varo-cural Ka cic | Cl ZULeCWles|en \ seine 
U.V.-Absorption (F1 Kul 5) yifensichtlich, wie schon friher erwahnt, 
durc Ueberlageru ein Indoli nd eines “halben’’-Toxiferin-l-chromophors 
zustande. Wihrend der zentrale Teil in 1, Il und III starr ist, ist diecer 
L.3-K j Pro ( t. Im Fo 
tt 
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70-proz. Schwefelsdure und mehr erhalten 
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(Spektrur Fie. 1. Kurve 3): erst beim Abpuffern 
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Abstract—The title compound is obtained by reduction of its 1-oxide, prepared in fair yield by con- 


densation of 2 picol ne-1-oxide p-dime amino-benzaid vd yridine in presence of 


KOH. The results of the stepwise oxidation by | nzoic acid show that the oxygen atom add 


to the amino nitrogen, a aring to indicate that the interaction effects between the dimethylamino 


s first 
group and the pyridine ring are small 


IN substituted pyridines electronic interaction between an electron-donor substituent 


and the pyridine nucleus. is greatest when the substituent is bonded directly to the 
nucleus, but is decreased to a surprising extent when the substituent is bonded to the 
pyridine through a system of conjugated double bonds. 


The absorption spectra he three p-dimethylamino-phenylazo-pyridines! are 


very similar: only the 4-isomer exhibits a small bathochromic shift. Examination of 
the absorption spectra of the eric phe nylazopyridines,- very similar to each other 
and almost identical with that of the azobenzene, indicates the existence of a small 
degree of conjugation between the phenylazo-group and the pyridine nitrogen. 

[his report concerns t behaviour, with | he oxidation by organic 
peracids, of the 2-(p-dimethy! line, ul h 
group is substituted for the azo gro p betw he and the sul ituted-phenyl- 
group, and al lesct $ a convenient method preparation of the starting base. 

The condensation of z-picoli vith p-dimethylamino benzaldehy« > was reported 
by Parker and Furst? ' -d the condensa toluene in the presence of 
piperidine acetate as catalyst ybserved, howe e | erential formation of 


an unidentified compound corres ing to Ul mpirical formula C,,H,,N his 


iv 


same compound was obtained also not only n 2-picoline base was replaced by its 


l-oxide. but even when no heterocyclic was used in the reaction. Apparently, this 


compound is formed from the condensation of the aldehyde with piperidine under the 


conditions used by the 


By the condensati of p-dimethylamino-benzaldehyde with 2-picoline-1l-oxide, 


the above authors obt i ygethe he unidentified product) 2-( p-dimethyl- 


Linea 
amino)-styryl-pyridine- | -oxide isolated with difficulty and in 


13 per cent after 47 hours of reaction time 


Jerchel et al..4 studying the reaction between «-picoline and benzaldehyde, stated 


that the reaction is best carried out in a mixture of a mole of acetic anhydride and a 


mole of acetic acid per mole of picoline and 1-2 moles of benzaldehyde, with exclusion 
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of air. In basic medium. on the other hand, the best results were obtained in methanol, 


ole of piperidine per mole of picoline derivative and 1-4 moles 


by 
of benzaldehyd th piperidine assium acetate, as condensing agents, 
the viclds d stated that 2- and 4-picoline undergo 
allowed to react in acidic medium, 
»resence of piperidine, only 

l-oxides are obtained 

um methoxide in methanol, in 


by Katritzky.° who obtained 2-styryl- 


(p-dimethylamino)-styryl-pyridine 


with 


SO per cent yvicid according to an cariier methc 
per cent yicid 
‘ stian in acid , vd ()-OR 
‘ Win es nder nitro 
CLIC a VUTEC d va nou;©rs 
gen, and 4-( p-d }-styryl-pyri l-oxide (11 per cent yield) from 4-pico- 
line oxide and p-dimet in Zaid le, by t ibove method 
Our research | lt pI t of a method of preparation of the 
reduchiol 1 ats xide, obtained (in fair yield) 
by cond il D ediun 
conde! ne Dase will aldel les occurs, as mecn- 
tioned. it n t f p-d thvlar benzaldehyde, whose 
d it re is pI gucts without recovery 
n 1-oxd we have seen @ s rather low 
nf enc f d potassit vdroxid under 
a fl ne-l-oxide a limethylamino-benzaldehyde, 
4-( ct amu yryl-pyridi l-oxide was tained in /8 per cent yield alter 
> he of flux. | cide an ichvde the corresponding 2-styryl- 
det iW Diained per cent yield. Yields are generally lower with 2-picoline 
l separation of tyryl derivative is readily carried out by decomposing the 
sel 
react vil nad wa ing in ror ag precipitate wilh a il cold 
acetone. In the conde! n with KOH, in the presence or absence of piperidine, 
secondary pr cts were not apparent 
By treating the N-oxide with iron and acetic acid at 100°,’ only oxygen ts lost and 
4 RK 4 . 
A ky, D 5.8 $16 (196 
HJ Hert 69, 472 4 4 tro-l-oxid 


2-( p-dimethylamino)-styryl-pyridine II is thus formed in 50-60 per cent yield 


ethvilenic double bond, therefore, remains in t. which is different from the 


tion with the 1,2-bis-<- 


revo 
on- 


spec tral 
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In the case of the protonated 


l-pyridine in acidic medium 


amino-derivative the absorption is even lower than that of the 2 styryl-pyridine in 


characteristics of the 2-styry 


Taste |. M IN THE 


eroup was conditioned 


thdrawing efiect ol 


opposes the individual effect of 


bis-cation |V and the mono- 


ts toward the mono-cation as the 


acid concentration decreases, as shown by the bathochromic shift of the spectrum with 
respect to that of the free base in ethanol. Protonation at the pyridine nitrogen rather 
than that at the amino nitrogen is due to the higher resonance stabilisation 


The product of mono-oxidation presents a spectrum (Figs 2 and 3) almost identical 
to that of the unsubstituted 2-styryl-pyridine, giving evidence that here also the con- 
jugative effect of the substituent has disappeared. In acidic medium there is a batho- 
chromic shift, as observed with the 2-styryl-pyridine This clearly shows, then, that the 


first oxygen atom is bonded to the amino-nitrogen rather than the pyridine nitrogen. 


No solvent effect has been found: the mono-oxidation, performed either in chloro- 


form or in carbon tetrachloride, always led to the same results. 
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tive, prepared by direct synthesis, presents instead (Figs. 2 and 4) 


main band, as is the general case with conjugated sub- 


The characteristic band of the pyridine l-oxide group 


The 1-oxide deri 


a bathochromic shift of tl 


Stituted pyridine |-oxides 
(usually at 260-270 mu) probably remains masked by the broad band in the same 
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Preparation and peracid oxidation of 2-(p-dimethylamino)-styry! pyridine 


ethanol 
N HCl 
—-—-— 0.1,0.01 N HCI 


I 


region, with / 


at 252 mu. In 0-01 N HCl the dimethylamino group ts protonated, 


with subsequent disappearence of the electronic interaction of the substituent and 
corresponding reversion of the absorption curve to that of the unsubstituted 2-styryl- 
pyridine |-oxide (Fig. 7) 

As acidity is increased even the N-+O group tends to become protonated, 
indicated by a weakening of the original conjugation band which completely dis- 
appears in N HCl, as is the general case with aromatic N-oxides. 

The product of bis-oxidation, obtained by complete oxidation either of the base or 


mono-oxide, contains two atoms of oxygen, one bonded to the amino—nitrogen and 
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the other to the pyridine—nitrogen. Indeed (Fig. 5), the /,,,, of conjugation in the 
higher wavelength region corresponds to that of the unsubstituted 2-styryl-pyridine 


(Fig. 6) and, moreover, the new band at 270 my, corresponding to that observed with 


pyridine N-oxides, is reduced to a mere inflection in strongly acidic medium. 
From the results of the step-wise oxidation of the 2-(p-dimethylamino)-styryl- 


pyridine it is concluded that the first oxygen atom is bonded only to the amino—nitrogen 
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flask. The mixture was cooled, poured into cold water (100 ml) and stirred for 20 min. The brown 
precipitate was collected, washed with water, dried, shaken with cold acetone (30 ml) and filtered, 
yielding bright yellow long needles (ethanol), 2-8 g (yield 57°), m.p. 200-201° (lit.*: 200-201°). 

2-(p-Dimethylamino)-styryl-pyridine (11). To the dark-red solution of I (4 g) in glacial acetic acid 


(80 ml), at 90°, iron powder (6 g) was gradually added, under vigorous stirring, during 20 min, keeping 
the temperature at 100 Fifteen minutes ; the completion of the addition, the mixture was cooled 


and made strongly alkaline by the addition of aqueous NaOH. The precipitate was collected, washed 
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of 11 (1-0 @) in chloroform (10 ml), at 15°, a solution of perben- 


d. By the above procedure, 2-(p-dimethyl- 


(pyridine), m.p. 148°, was obtained 


it 15°, a solution of perbenzoic acid 


procedure, yellow prisms (pyridine), 
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THE FORMATION OF 3(OR 5)-METHYLCYCLOPENT- 
2-EN-2-OL-1-ONE* FROM ACETONE 
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reaction occurred, and the mixture refluxed. Stirring was continued for 2 hr, and then the dark 
solution was saturated with sodium chloride and washed well with ether. The aqueous layer was 
acidified with hydrochloric acid and extracted with ether, and the ethereal solution dried (MgSO,) and 
evaporated The tarry residue. which had a characteristic smell resembling that of burnt sugar, was 
extracted several times with boiling light petroleum (b.p 40-60"): on cooling, the combined extracts 


deposited needles (0°63 g), m.p. 97-99 Further purification of the product by sublimation at 


90—100°/20 mm, followed by recrystallization from ether-light petroleum (b.p. 40-60"), afforded 
prisms, m.p. 105-106 (Found: C, 64:2; H, 7-2. Calc. for CgH,O 43 ). The infra- 


red spectrum showed bands at 2°98 (O—H), 5-90 ©), and ¢ ne duct reduced 
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Volatile products isolated by Toepler pumping at 196° were analyzed mass spectrometrically. 
Unreacted feed (plus any propane and C, material) was collected by distillation at —78° and analyzed 
similarly. The volatile part of the residue was distilled at 70° into a small tube, sealed, weighed, and 
later analyzed by gas chromatography. The remaining residue was weighed and analyzed by gas 
chromatography for presence of ¢ compounds; none was present 

For the gas chromatographic analysis, two different columns were used. With a 40 ft Ucon-filled 
column at 50°, the spectrum shown in Fig. 1 was obtained Peaks on this record were identified by a 
combination of retention-time of known materials and mass spectrometric identification of isolated 


samples. More accurate quantitative analysis was provided by a 100 m glass capillary column with 
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silicone coating, giving the spectrum in Fig. 2 sntification of 2-methylpentane, 1,5-hexadiene, 
l-hexene, and cis- and frans 2-hexene were accomplished by ‘spiking”’, and the other identifications 
were made by anology with the other spectrum 

Propylene plus propylene-d A mixtute of 8-3 mmoles each of Phillips Research Grade propylene 
and Merck and Co. Ltd pr pyle e-d, was used The prop lene-d, contained 3-5 propylene-d 9 
corresponding to an overall isotopic purity of were sealed in vacuo in an 8 mm 
o.d. glass tube equipped with a breakoff seal a 10 mm diameter thin-walled 
titanium tube just beneath the gold target, mé by a stream of cold air passed 
through the tube, and irradiated for 105 min with bremsstrahlung from the target, which was bom- 
barded with a 1 mA beam at 3 MeV with 2cm scan. The dose is estimated to be 1-4 10° rads 


The products were analyzed as above, except that no effort was made to separate the dimeric and 


heavier products before the gas chromatographic separation For this separation the 40 ft Ucon 


column at 50° was used, with a sample of ca 50 wl. The spectrum obtained is the same as shown in 


Fig. 1, and the sample collection periods are shown for those products that were not completely 


sepa rated 


Determination of isotopic species distribution. The distribution of isotopic species was calculated 


First, contributions of #*C to the ton intensities were 


from the mass spectrum in the parent ion region 
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TABLE 1. PRODUCTS OF PROPYLENE RADIOLYSIS 


G 


Hydrogen 0:26 0-6 
Methane 0-02 0-04 
Propane 0-1 0-2 
butane 0-01 0-02 
1-Butene 0-012 0-02 
2-Butene 0-012 0-02 
Pentene 0-008 0-02 
Pentadiene 0-008 0-02 
2,3-Dimethylbutane 32 0-054 
2-Methylpentane 0-080 
n-Hexane 3 0-022 
4-Methyl-1-pentene 0-375 
4-Methyl-2-pe1 33 0-055 
2-Methyl-1-per 2 0-033 
0-14 
0-030 
0-022 
0-17 


TABLE 2. ISOTOPIC SPECIES DISTR I -~RODUCTS FROM C,H C.D MOLE PER CENT SPECIES 


ATOMS PER MOLECI 


would provide hexene-d,,.: hexene-d,: hexene-d, in the ratio of 1 :2:1, with no other 


species. Formation of hexene by combination of C,Hg, CH,, and C,H, moieties from 


different molecules would give species hexene-d,,: hexene-d,: hexene-d,: hexene-d, 
hexene-d, in the ratio 1 :2:2:2:1. Thus, with no isotope effect, a single mechanism 
would provide a simple species distribution 

The existence of appreciable isotope effect in most reactions involving deuterium 
and protium compounds ts both a complicating factor and a useful factor. It is a 
complicating factor in that the quantitative relationship is not the simple statistically- 
derived one. It is a useful factor in that its magnitude can sometimes provide informa- 
tion on the mechanism. 

2-Methylpentane and 2,3-dimethylbutane. Significant parent 1on intensities were 
found for -d,,, -dyo. -dg, -dg, -d,, and -dy. (The value for is spurious; it 
is due to pre-emergent hexene-d,,.) The mode of formation obviously involves two 


C.H. entities plus two hydrogen atoms, obtained independently from four molecules. 
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This would result if the mechanism involves union of two propyl radicals, each deriv ed 


from C.H, (or C.D,) plus H or D (cf. discussion on radical formation below) 
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amounts of -d,,, -d,, and -d, species appear disproportionately large. Let us assume 
there are two mechanisms, the radical combination reaction and a “direct’’ mechanism. 


the latter giving the excess amounts of the -d)9, -dg, and -d, species. The contributions 


of each may be calculated from the data. To do this, three isotope effects must be 


considered in the radical combination reaction. These are the probabilities of appear- 
ance in the product of C,D, compared to C,H,, C,D; compared to C,H;, and D 
compared to H. From the observed ratio -d,,/-d;, the first, (C,D,)/(C,H,), is found to 
be nearly unity, consistent with the finding on propyl radicals in hexane formation. 
From the observed ratio -d,,/-d,, the second, (C,D,)/(C,H,) can be expressed in terms 

ad 


of the third, (D)/(H). With the sum of observ ;, and -d, 


D,)/(C.H,) entering 

(2) The value for (D)/(H) ratio for t radical reacti appears to be in the range 

(3) Approximatiey 28-32 pe mbined product appears to arise from 

the “direct” reaction. (A major fraction of this may well be the 2-methyl-1-pentene, 


since the latter is probably not formed by combination of radicals.) 


4, SPECIES DISTRIBUTIONS |! 1-METHYL-|-PENTENI 
R Direct rea 
{ yer) 2 
0-0 5-3 4.7 
{ 19-0 14-4 
species as a basis, distributions of all species formed by radical combination can then 
De calculated tor an mea il (D (H) | of (D)/(H) for propyl 
radicals in generating 1 branched hexanes was found to be 0:54—0-68. If 0-6 1s used, 
one obtains the distribution shown in Tal 1 | lS purpose the small apparent 
contribution (6 per cent) of other species are ignored. Subtraction of the calculated 
distribution from the observed distribution g KCeSS a ints of -d -d.. and 
-d,, species formed by the direct reaction, shown in Table 4. Note that the value for -d, 
is Treasonad in the sense til twic 4 tric mean oT -d ind 
Approximately 28 per cen ik ed ct icuion This value 
is Quite insensitive to values assumed for (D)/(H t varies only from 24to 31 per cent 
for values of (D)/(H) between 0-5 and O-8. Ii ion of the second order correction 
for the fact that the feed C.D, 1s 3-5 per cent C.D.H has a negligible effect on the 
results, but accounts for son I the d, ind -d peci observed 
l-Hlexene 2-Me l-penten \ similar treatment can be applied to the data 
on this fraction, yielding the following information 
(1) The fact that -d,,/-d. is unity indicates again that the probability ratio for 
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It is concluded the radical reaction to form |-hexene probably involves the com- 


bination of n-propyl and allyl! radicals 


1.5-Hexadiene. This compound ts undoubtedly formed by allyl radical combina- 


tion. As mentioned above, the isotopic species distribution could not be determined 
to verily this point 

2-Hexen The ion intensity r: 95/96 of only 0-41, compared to 0-89 for 4- 

methyl-I-pentene demonstrates thi major fraction of the 2-hexene is formed by a 
direct mechanism 

of this compound has low fragment ion 

idiene and 2-methyl-|,3-pentadiene, 

itios of and 

0-29) requires that the 

radicals. Since 

CH ather than 


RADICAI 


API Project 


allvil. it ws not surprising that the product is not entirely formed by abstraction ol ; 
nvai en from propviene followed Dy simple radical comodination 
ROLE OF FREE 2m S 
ab et chanis 1 TO! ition Ihe relative amounts ol 
the « n ds t da furs nformation. If we assume that 
sica tate concen f n-C.H i-C.H 1) radicals cxrst during 
t the ySIS c ¢ ine 1 cons ency f the distribution of the products 
for i bv< on. If we assume forthe! ent that this 1s the only mechanism 
ind 1 the c fi ncies of the radical combination reactions are equal, we 
obtain | nt ré ' cel ions of n-hexane dimethyl butane, and |,5- 
hexad t} n relat steady-state concentrations of free radicals: n-propyl, 
opropyl. 0-29 ind allvi. 0-52. Calculation from se gives the amounts ol 
CTOSS-| cl Ow n Table 5. Int tadiec, served product concentration are 
n ed to 100 per cent I! value for 2-methylpentane is not far from the 
ca cd luc, and strengthens tl pi é conclusion that the alkanes are 
DY propy radica rece Dination | calculated values tor 4-metl vi-]- 
pentene and ACI iT $2? per cent nd 87 per « t of those observed respectively, 
whereas isotopic species distribution would indicate the contribution by this tree 
PI 
OD 
H " 
> 4.1) vibutane 6:4 
| 5-H 20-4 
pentane )-4 J 
|-Hexene 14-5 
4-Methyl-1-pentene 14 23 
44 Mass Spectra 
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radical mechanism should be 69-76 per cent for 4-methyl-l-pentene and ca. 85 per 
cent for |-hexene. 

It is of interest to note that the sum of the n-propyl and isopropyl concentrations 
is calculated to be almost equal to that of allyl. Two mechanisms of formation of the 


radicals come to mind that have this stoichiometry and involve no activation energy 


restrictions: 


(1) 


H 


Reaction (1) is an ion-molecule reaction first observed by Tal’roze and Lyubimova* 


In a Mass spectrometer, and shown by Schissler and Stevenson” to have a very high 
cross-section. The propyl ion, on neutralization, should give propyl radical; ordin- 


arily, isopropyl would be expected to be the favored product, but the necessity for 
passa ge through energy-rich periods on reaction and electron recombination might lead 


} 


one to expect both isomeric radicals. In reaction sequence (2) on the other hand 


studies have shown that hydrogen atom addition proceeds almost exclusively to the 


terminal carbon at either 25° or 196°.’ Formation of n-propyl radicals therefore 


cannot be accounted for by this path 
It is still necessary to account for the isotope effect in propyl formation. There 
is an isotope effect in participation of H or D, but not of C,H,. Whether the magnitude 


of the effects can be explained by differences in cross-sections for the ion-molecule 


reaction in liquid phase is not known 


NATURE OF THI DIRECT” DIMERIZATION 


Regarding direct dimerization we have the following facts 


(1) About 30 per cent of the dimer olefin from propylene is formed by a mecha- 


nism involving only the hydrogen atoms of the reacting molecules 
(2) Most of the dimer olefin molecules from |-hexene! have carbon skeletons of 


| 


n-dodecane or 5-methylundecane 
On the basis of (2), an ion molecule mechanism was proposed,’ in which an electron- 


molecule-ion, reacts with the double bonded end of a 


deficient olefin molecule, o1 


neighboring uncharged molecule. This. followed by intramolecular hydride transfer 


and electron recombination gives dimer olefin: 


C.H,,*+ + C,He, — [(ConHea] > *= > 


The confirmation with labeled propylene of the intramolecular nature of the reaction 
with respect to hydrogen atoms provides further support for the mechanism 


Indirect evidence for the condensation step includes 
(1) Pottie and Hamill® have observed dimeric ions from alkyl iodides with 


lifetimes greater than a microsecond, by ionization in a mass spectrometer. 


‘Y. L. Tal roze and A. K. Lyubimova, Do thad. Nauk SSSR 86, 909 (1952) 
D. O. Schissler and D. P. Stevenson, J. Chem. Phys. 24, 926 (1956) 

W. L. Moore, J. Chem. Phy 16, 916 (1948) 

7R. Klein and M. D. Scheer. J. Phys. Chem. 62, 1011 (1958) 

F. Pottie and W. H. Hamill, J. Phys. Chem. 63, 877 (1959) 
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| 7 C;H,* + C,H, — C,H,’ + 3 
C,H,* + «> C,H,* 
C,H,* C,H, + (2) 
| H + C,H, — C,H; 
| 
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(2) Barker® with similar techniques observed dimeric ions from benzene, up to 


Field, Franklin and Lampe" pointed out that heavier ionic products from ion- 
ile reactions of ethylene in the mass spectrometer are similar in relative yield to 
itive abundances of the same ionk products in the Iragmentation of the 
esponding C, con unds under electron impact in the mass spectrometer. The 
ty indicates an » dimeric ion was an intermediate in the ion-molecule 


products of I-hexene' indicate condensation occurs at the 
In that discussion it was pointed out 


lefin molecule is about 0-1 on the 
ney distributed over the 
n the electron deficiency 1s 


bonded carbons. Thus, it may be expected 


would vive the 


issipation of 


e transfers are common in carbonium ion chemistry and have also been ob- 


Hydrid 


served in gaseous, unsolvated systems 


* R. Barker 
ne. J. Amer. Che 
Fr. H. nd hem. S 80, 


the 
col 
sim 
reaction 
The data on dimeric 
double bonded carbons « 
: that the excess electron density in the normal 
termi il doubd bor carbon with the elect 
neighboring carbor On the other hand, in the 
that the attack 1s the following 
H 
R 
CH CH—R 
CH 
H 
C CH CH R 
CH 
ba 
) 
H CH R 
In the case of propylene, hydride transfer in a ring transition state [a 
proper produc tion, requil only cha! eutralization and (i! 
1 ins rov tn onoolefin products 
acai ed ve tine ic pl huct 
H > H C CH 
H 
Cl 
be 
H CH 
CH CH 
CH 
( Cc 
ba be 
S 79. 2665 (1957) 
1958) 
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Indications were that 2-hexene was formed from propylene predominantly by this 
direct mechanism. In this instance a smaller ring or the equiv alent would be required: 


H 


2-Methyl-l-pentene was a minor product. It was isolated only with a much larger 


amount of I-hexene. It seems probable it could be formed by the similar direct 


mechanism. with attack at the central carbon 
H 


CH,—C 
) 


In the condensation step and particularly at the electron recombination step, a 
ly 


1 


problem of energy dissipation exists The overall sequence from the ion and molecule 


is exothermic by 10°5 eV, with about | eV acquired in the condensation step and 9-5 eV 


contributed by the ionization energy in the neutralization step. It is believed that 


yrevented by the proximity of the neighboring 


fragmentation of these ex« 
molecules. During the existence he ion the positive charge induces polarization in 
the immediately adjacent mo! -s. and the electrostatic energ’ the system is thus 


diffused over several molecules lergy tra ‘r can occur not only by vibrational 
enerev transfer in collisions, but also by electrostatic interactions Thus, as the ion 1s 
neutralized, the ionization energy 1s acquired by the whole cluster as depolarization 
occurs. Since the energy st he surrounding cluster 1s proportion 
calculation of the contribution by the clustering molecules is ext 

value assumed for r. However, for distances of the ordet 

storage can be an appreciable fraction of the 9-‘Se\ 

1ism allows possible furthes polymerization before electron 


The proposed mecnani 
I 


recombination 


C.H 
Dimerization would thus represent the special case where the chain is terminated 
by neutralization at that stage 


On first sight it might seem that the formation ol propyl ions and allyl radicals 


| 


should represent an alternative reaction path fot the hexene ion complex: 


C.H C.H, —> C,H C,H 
C,H 


However, the C,H,* is formed very specifically from a propylene ion plus one hydrogen 


from another molecule, while one should expect such a decomposition to provide at 


H 
C—C—CH, 
CH,—C H H 
) 
C—CH 
i Hz 
( | H, 
C,H, C.H > [C.H,,] > [C,H,,] > [C,.H.,] 
rearr rearr 
C,H 
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least some further mixing of hydrogens. That specific atom transfers can occur with- 
out mixing in ion-molecule reactions where product ions are of weight intermediate 
between primary and dimer ion is shown in the reaction CH, CH, — CH, 
CH.." Therefore, it is believed that these reactions result from a dimeric ion complex 
of higher energy and shorter life-time, a complex formed from a propylene ion possess- 
ing excess vibrational energy acquired in the primary ionization act 

A mechanism alternative to the ion-molecule condensation, yet consistent with 
intramolecular role of the hydrogen, is the concept that propyl and allyl radicals 


formed in this way recombine before they leave the reaction cage. This mechanism 


cannot explain the specificity of carbon skeletons in the dimer from I-hexene, nor 
can it be extended to account for the higher molecular weight polymers. 

Another possible mechanism 1s similar to that invoked by Dole, Milner and 
Williams." involving reaction of double-bonded carbons in an activated state with a 
neighboring saturated chain Such a mechanism applied to these olefinic systems 
would have to represent a special case of attack at the double bond, rather than an 


alkvl chain. A mechanism involving excited molecules cannot be rejected, but on the 


other hand, there 1s no supporting evidence for its occurrence in this system. 


This system with propylene in a sense represents a special case of olefin radiolysis. 
for propylene is a small molecule and its derivative, the allyl radical, ts symmetrical. 


The fact that the fraction of monoolefin in the dimer ts only 0°64, compared to ca. 0-9 


with I-hexene, indicates that the direct dimerization is more important with larger 
olefins. The greater number of modes of energy dissipation in large molecules may be 
responsible for the difference A central feature of the ion-molecule mechanism for 
condensation is the necessity that close neighboring molecules participate in electro- 
static and collisional energy transfer. For this reason these condensations are probably 
peculial Lo or sold phase 


CONCLUSIONS 
(1) An important amount of dimeric product ts formed by a direct condensation 
of two olefin molecules, believed to proceed as an ion-molecule condensation, followed 
by hvdrogen atom rearrangement and charge neutralization 
(>) With pro 


and n-hexane) are formed by combination of n-propyl and isopropyl radicals Much 


pylene the saturated hexanes (2,3-dimethylbutane, 2-methylpentane, 


of the olefinic dimer not formed by direct ion-molecule condensation is formed by 


combination ol allyl with sropyl or 1sopropy! radicals 


(3) Formation of propyl radicals involves addition of atoms of hydrogen to 


propylene by a mechanism that gives a significant traction { 38 per cent) ol n-propyl. 


This lack of specificity 1s evidence against addition of thermal hydrogen atoms to 


propylene, so an ion-molecule mechanism is proposed. 
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NEW TYPES OF THE TRANS-GLYCOSYLATION REACTION 


R. BOGNAR and P. NANASI 
Institute of Organic Chemistry, L. Kossuth University, 
Debrecen 10, Hungary 


(Received 31 October 1960) 


Abstract—Newer types of trans-glycosylation of N-arvylglycosylamines have been realised in which 


N-arvlglycosylamines and monosaccharides as well as two N-arylglycosylamines with different amine 


and sugar components took place. Results are summarized in Tables 1-4. Trans-glycosylation of 


acetylated N-arylglycosylamine with monosaccharide means a new method for the preparation of 


partly acetvlated monosaccharides. Mechanisms of the reactions have been discussed 


It was reported previously’ that the scope of the trans-glycosylation reaction of 
N-arylglycosylamines may be extended, so that not only the arylamine, but also the 


glycosyl and acetylated glycosyl part of the molecule may be exchanged. We have now 


found that trans-glycosylations may be realised in almost any variation. 


In previous papers® and in examples known until now, the following types of 


trans-glycosylation were described 


Type la 


The N-arylglycosylamine is acted upon by another arylamine, forming the gly- 


it 
cosvilamine of the new arylamine and liberating the amine from the original aryl- 


glycosylamine. 


glycosyl-NH-aryl + glycosyl-NH-aryl’ + H,N-aryl 


Type |b 


Reaction of an N-arylglycosylamine acetate with an aromatic amine results in the 


combination of the (¢ )-acetylglycosy| part W ith the other amine forming a new N-aryl- 


glycosylamine acetate 


(Ac). -glycosyl-N H-aryl H,N-aryl’ = (Ac),-glycosyl-NH-aryl’ H,N-aryl 


Trans-glycosylations of types la and Ib were carried out in alcoholic solutions, in 


the presence of acid catalysts. The conversions were shown to be equilibrium reactions, 


and could be made reversible under suitable conditions. The reactions were compara- 


tively rapid in solutions of a molarity of 0:2-0-5; the product, as a component of the 


equilibrium system, separated from the mixture in crystalline form in good yield. 


When suitable solvents and concentrations are used the method may be applied for 


preparat ive purposes. 


R. Bognar and P. Nanasi, Acta Chim. Hung. 12, 115 (1957); unpublished results communicated at 


1.U.P.A.C. ¢ ongress Paris 195 
2 R. Bognar and P. Nanasi, Nature, Lond. 171, 475 (1953): J. Chem. Soc. 189 (1955): Maevar Kémiai 
Folvéirat 62. 88 (1956); R. Bognar, P. Nanasi and I Nemes-Nanasi, J. Chem. Soc. 193 (1955): Magyar 


Kémiai Folvdirat 62, 271 (1956) 
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4 
NH Ar 
Ar ‘ 
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In addition. it was shown that the reaction was true trans-glycosylation and not 


hvdrolvsis followed by reglycosylation. This was also true for more dilute solutions 


(0-04 M concentration), and when about 10 per cent water was present. (J. Chem. Soc. 
In press.) 
We now report the feasibility of achieving the trans-glycosylation reaction in Cases 


desc ribed be low 


leads to the formation of 
original sugar moiety is 


nstrated independently by 


NH-arvl elycosvl-OH 


inhvdrous 


he crude product are 
Ore no appreci- 


vy bv emploving | mole excess of 
} 


product relate to materials 


ey are about 95 per cent pure 


vives a new 


free hydroxyl group on C,, 


aryl (Ac). -glycosyl-OH 


cause in this type of reaction one 
was found to bea tter catalyst 


in the presence of pyridine with 
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OH ~ NH Ar 
‘ 
Type Ila 
in N ev ugar. and the 
Inoue ef by technique of paper chromatography. . 
glycosyl-NH-ar ‘lvcosvl’-OH = 
Respective rimet their results are summarized in Table | 
| tvp COs best ind the purest products in the 
pre nc ter (5—10 per ¢ In bsolute alcohol prolonged 
reflux te n the solutions becomm 
str ene! erv low solubilitics in 
ak A fair vic ed if t t contains a all amount of water or 
W cal ad out cous the pe ssibility of 
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7 ; yc le format al previous hydrolysis may, in our 
W er ent 1s tak xcess, Vicids of 1 
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thon of N rIVCOSY acetal vil a tree simple 
(Ac)_-glyco NH-ary lvcosvl’-OH elycosy!’-NH- 
componcnt Amim« 
hydroc ric i talyst 
» 
As the result e reaction. the new, non-acetylated, free N-arylglycosylamine 
Y. Inoue, K. O K ka, J. A ( 27. (1953) 
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separates from the reaction mixture, and the 2,3,4,6-tetra-O-acetyl-hexoses could 
readily be isolated from the solution. This is a new method for preparing, e.g. partly 
Though yields are only around 40-SO per cent, this new 


acetvlated monosaccharides 


method appears to be simpler than the classic synthesis 
A preparative method for the trans-glycosylation of N-arylglycosylamines by 


means of partly acetylated sugars has not yet been realized. 


Type 
havin nt sugar and amine parts 


react with one can occur. In this case, 


both poss ble new N-ary rlycosvlamines 


NH-ary! PIVCOSy! NH-ary elycosyl’-NH-aryl 


PIVCOSYS 


torn 


ine pres e under the action o f 
The resulting mixture contains 


alcoholic 
arviglycosylamine, which may separate from the 
may thus shift the equilibrium of tl 


is often 


Is comparatively ipid 


solution 
reaction mixture 


catalys 
the possible new N- 


1s a consequence of its slight solubility, and 1e re- 


action, and can under proper conditions be obtained in crystalline form, in viek 
It is assumed that the reactions should be regarded 


useful for preparative purposes 


Nid Ay’ AH 
A A 
14 
are obtained. 
oe - 
IClLIOT were Outin yarous metnal ol or ethanol usit g absolutely 
drv rea Ls Hydrog CT ride if tne presence ot pyridine pre eq t pe the Dest 
Calalvst nm il occu©res ni psence Of an acid catalyst one 
form from the eqt reaction mixturt nder conditions depending upon the 
solubilities wit special vara the natur ind quantity of the vent ; 
Type 
A variation of double ms-elycosviation. when an N-arylglycos' mine acetylated 
mits s orety cted ul] DV al Ol tylated N-al rivycosyia ne. may 
be rega lasane\ iss ol uv yveosviation. In this case, the acety YCOSY! part 
becomes attached to the other a R 
Ac) NH-ary ycosyvl- NH-ary =* (Ac) iry 
glycosyl-NH-aryl 
Only one example of t reaction has been realized so far, however! in an excellent 
vicld Data are ( | ic 4 
It appears that this type of reactio so g best results, and is carried out most : 
readily the presence of hydrogen chloride and pyridine, and in anhydrous vents. 
IT} ibove experimental results icad to the conciusion that N-arviglycosviamines or 
their acetate 
glycosyl 
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as true frans-glycosylations in all cases when the reactions were carried out in anhydrous 
medium (types [Ila and IIIb), by analogy with the proved real trans-glycosylations of 
types Ia and Ib (J. Chem. Soc. In press). When the reactions were carried out in the 
presence of water a small amount of which improves the yields, and is necessary for 
dissolving the sugar, hydrolysis and subsequent reglycosylation must also be taken into 
consideration. (Types Ila and IIb.) 

In our opinion, trans-glycosylation reactions as special cases of trans-acetaliza- 
tion are comparable with proton-catalysed trans-esterification reactions, in which 
latter type an acyl-oxygen bond is split, (. f4) and the formation of a transient acylium 


ion is assumed. Formation of a transient glycosylium ion or to be more exact the 


mesomeric of trans-glycosylations, which 


offers a individual ypes O! irais- 


rlycosylation 


imonium 10n 


with the pos 


should be taken 


glycosylations, as suggested in our previous papers. The tra Fl 
mechanism presented by Isbell and Frush’, involving an intermediate = 
R—¢ NH—R’/ and transient complexes derived therefrom, could be applied to 
frans-2ivcosyviations ypes Illa and III li this mechanism, togethel 
EEE possibility of the formation of the acyclic oxonium cation (R—-CH=OH) 
EEE into account in the case of srans-glycosylations of types Ila and IIb 
Suggested mechanisn 
(1) Trans-g/ycosylati of types la Ib 
| 
NH Ar NH— Ar 
} + Ar NH + Ar 
«NH Ar 
i } + Ar NH H + Ay H 
\ N 
NH Ar get 
~ f + Ar NH 
H 
mivture 
+c. H. Ingold, Structure 1 Meci p. 767. G. B . London (1953 
H. S. Isbell and H. L. Frus J. Ore. Chem. 23, 1309 (1958) 


(2) Trans-glycosylations of types Ila and IIb. 


NH-—Ar 0 | OWHs Ar 
+ : A 
Lol 


OM NH-—Ar 
lanemeric’ mixtur 
NH Ar NH, Ar 
= = = 
Ar 
i ~ - + A 4 + NH Ar - 
4 Ar 
+ 
? ‘ 
(3) Trans-¢/ycos) ns of types Illa and IIIb 
4 Ar | 
| 
4 
| 
| 
| A Ar H+HH_N Ar 
= 
| 
- 
| 
| 
(a ner xtures 
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Further work is in progress to extend the scope of trans-glycosylation reactions, 


and to investigate the reaction mechanism. 


EXPERIMENTAI 
Melting points are uncorrected. Mixed melting points were determined with materials of standard 


purity Optical activities were always measured in pyridine 


Trans-g/ycosylation Reactions belonging to Type \la 


Trans-glycosylation of N-arylglycosylamines and free sugars 


by trans-g/ycosylation from N-p-tolyl-p-glucosylamine and D-mannose 


(Ila; 1) N-p-Tolyl-p-glucosylamine (3-0 g, | mole) m.p. 112-113"; 96° and D-mannose 


Viel 


(2:2 g, 1 mole) were dissol YO ethanol (30 ml) containing hydrochloric acid (0-5 ml) Dissolu- 
n min, an reaction solut was refluxed for 


tion of the starting materials took place in about | | 
5 


5 min. The mixture was allowed to stand at room temperature, when depositio a crystalline 


precipitate sh tly occurred. Next day, the crude product was filtered (2:15 g), m.p. 175° (decomp.), 


[x]; 162 1). The mother liquor gave another crop (0-15 g) on the next day. Yield of total 


crude product was 7 
The ‘ t -p-tol amir rude product was checked by paper chroma- 


pu 
tography he technique, c/ J. Chem. Soc. | 
general, a purit abou 5 was found, the product containing about 
glucosylamine and 2 if mannose 
The crude product (1-0 2) was recrystalliz aqueous methanol to give 0-72 2 
179° (c, 1). (Found 

The crude product n very readily urified the following method which was applied also in 
the other experiments: The ly digested at room temperature with 75 
aqueous meth inol (20 ml) loss of 8°, 
gave a product (1 | undepressed after admixture 
with pure N-p-tol) lannosylat m 18] (Found: C, 57-0; 
H. 7-05: N, alc. to 2 
Other experi itior heckins in connexion with the frans- 
glycosy descr bed 
above. with some modificat NCE the solvent, catalyst, ratio of reagents o1 of refluxing, 
as desc ed below 

(lla 
After stat 


motner 
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After the 
), m.p. 177 


(decor 
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nn 


(decon p.), Pave a 

yield of 55 npletely 
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after 2 davs (1-7 56 


(Ila, 5). As exper Crude 


product (2-2 3-2 


(Ila, 6). As 


chloride (0 2 ¢) catal 


and th ammonium 
174° (decomp). Washing with 


aqueous methanol ga‘ 
(Ila, 7). As experiment “Ila, | ’ but under absolutely anhydrous conditions, in ethanol (20 ml) 
containing dry hydrogen (0-035 @) Time o > min I reaction mixture was quite dark. 


°G. P. I nd J. Honeyman Wevygand, Ber. Dtsch. Chem. Ges. 72, 1667 
(1939) 


= 
Stored for 5 Gays aaditional product g, total yield 
the same as “Ila, | except that a solvent mixture of methanol (30 ml) and 
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yst. The crude product (1-9 g; 63",) had m.p 


184 R 


Total precipitation under cooling in ice 0-2 g (67 

Yield after washing with aqueous methanol 6:1 
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(lla 
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; + (dex p.), 
il \ but Ihe first (2:1 2) obtained 
I ‘ rude 
d. The crude 
20 l Found 
| 62 101) and 
»0 ride 
(0-07% 1) | was 
) , 7 172° ly icf. 6) 
Yield pur lt ‘ 62 d: C, $7-4: H, 70; N, 
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N-p-Tolyl-p-galactosylamine by trans-glycosylation from N-p-tolyl-D-glucosyiamine and D-galactose 


(Ila, 22). The reaction mixture consisted of p-galactose (2-8 g, 1 mole), water (1 ml), methanol 
(40 ml) containing conc. hydrochloric acid [0-1 ml, and N-p-tolyl-p-glucosylamine (m.p. 112-113°, 
[a}p 96° (c, 1)]. The mixture was boiled for 10 min. When chilled in an ice-bath, the solution 
gave a crystalline precipitate (2-6 g, 65%), of m.p. 160-162", [x] 99-5° (c, 1-2). (Found: N 


5-05°,). (Literature records:* m.p. 161-162°; 80° (in methanol). 101° (c, 1, 


in pryidine, own measurement). Mixed melting point determination gave no depression 

(Ila, 23). The experiment was the same as “Ila, 22,”” but pyridine (3 ml) was added and with 5 min 
reflux. The crystalline product (2-9 g, 725°.) was very pure, m.p. 161°, [<]) 100° (c, 1). 
(Found H, 6°95: N, 5-11°%) 

The product gave homogenous g ilactosazone 


(Ila, 24). As experiment “Ila, 22,” but without the addition of water, in the presence of dry 


hydrogen chloride catalyst (0-028 g). Dissolutior juired 40 min at the boiling point. The product 


(yields 25°, and 28%, resp.) had m.p. 162°, [«]; 100° (c, 1-2) 


N-p-Bromophenyl-p-galactosylamine by trans-gl) vilation from N-p-bromophenyl-b-glucosylamine 
and b-galactose 
(Ila, 25 The rea 


The reaction mixtu Of mole) 


‘ 
> 
(in t 01(20 ml) N-p-br 4-0 ¢ 
1 mole) (m.p. 153°, [=], 111° (c, 0-5, in pyridine wn measurements (see below). The mixture 
: was refluxed for 5 I ryst ep 2s parated after 1 day, had m.p. 17 lecomp.); 
standing for several days gave but little additional pr tate (0-2 f p. 18] ecomp.). Yield 
115 nd N. 4-07. H,.O.NBr (334-1) require N.4-2 { ) The 
glyc le gave a pure faiac | ne 
Data of pure N yl-p-galactosylan e are m.p. 183-184 ] 116°5° 1) 
(Ila, 26). As experiment “Ila, 25,” but with double ar t of galactose (4:28 g, 2 moles). The 
yield of the crude product (3:1 ¢ is 77-5 m.p. 173 114° (c, 1). (Found: N,4-1°%,) ; 
(Ila, 2 As exy ind with a 
product (0-50 g, m.p. 177-178" and 0-36 g, m.p. 162-173 112° (c, 1), was 21-5°%. (Found 
N, 4:14 Br. 24-0. re ire N, 4:20: Br, 24:2 ) 
(Ila, 28). As exper Ila, 27 tp 8 ml) was added. First crop (1-04 id m.p . 
179° (decomp.), second crop (0-14 g), m.p. 168-172° (decomp 11 ). Yield of . 
The product gave a pure galactosa 
N-p- Bromophenyl-v-glucosylamin 
Br " eT luxed f met 7 the 
> 
m.p. 150°) separated rect 2 prod rhe pure 
substance (3-3 g¢) had p. 153 1] 0-5) 
N-p-Bromophenyl-t actos vlamine 
Bron ul e(20¢ } rvalactose (2-0 g) 10 s methar (22 ml) ; fluxed for 
the presencs irop) The ro t (2 } ) 
2 
separated cool 4 Te np. 183-184 It was recrysta metha 
116°5° (c, 1) 
N-p-Nitrophenyl-p-galactosylamine by trans-glycosylation from N-p-nitrophenyl-D-glucosylamine 
and D-gaiactose 
(La, 29), 
fe 
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m.p. 184 193 1-4)) p-galactose (3-0 g, mole), 96 ethanol (200 mil), and concen- 
trated hydrochloric acid (0-2 The mixture was refluxed for 151 complete dissolution occurred 
m ti first 31 I he was cd nd the roduct ¢, 35-5 ) recrysta ed trom 
(i i: N, 9S Cak N 84 product ce. Literature’® records for N-p- 
il } \ 2 led. | reflux >was 5 min 
‘ H ( ( H ON ik H. 4-34 N.Y 44 ) 
Ilb 
, 3 
8-4 Litera 
ib, 4). W I Ose 
if it 
‘ 
N*-p-§ ] wn 
¢ N ate (5-0 g, | Veg 
Ss. ¢ N. 8-4: ) 
R.B P. N 7, 62. 90 (1956) 
Pert P.K B ( 84 4 (1951) 
K ) k ‘ ‘ 42.? 
R. Bos nd P. Na ‘ Ken 59. 178 »« 
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N-p- Tolyl-p-mannosylamine and tetraacetyl-D-mannose 


(lib, 7). N-p-Tolyl-mann | tetraacetate (4:5 g, | mole), and D-mannose (2-0 g, | mole) were 
refluxed in ‘ i 20 1 n the preset pyridine (1 ml) and concentrated hydrochloric 
on occured in § in, and after an additional 5 min of boiling the 

mixture was al 1 to stand at room temperature, then in a refrigerator for 2 hr, when N-p-tolyl- 
mannosyk rysta Experiment | 178° (c, 1-2); 


Experiment II m.} , 5 Found: 


Found: N, 5-32. Cal.: N, 52). 
N. ) 
The redd brow! ther was evaporated under reduced pressure until almost dry. The 
residu xtracte rt th 12 ml por f ether, the ether lutic is filtered, and 
=e mixed wit rht ¢ mixture became turbid. Inoculation at room temperature started 
crysta 
Exper | gay fm. xperiment II resulted in a yield of 
$4.5 ‘ ) | ) | pr tained 
n Fou ( Liter cords m.p. 94° and 93 
( N [he product 
th « > nl) The 
ced 
rain 
AT e (2¢ ) 
) 2 | d for 
14 
\ y fN 64-5 n.p 
182 y | 
I R ] ill 
par 
N-p-A ala N-] enyl-p-glu 
a N tla 
Dry N tosylat p. 154-15 161-162 
101°) an 0 183-184 202°) 
re | di ride (0-025 ¢ ete dis- 
Rect if 1 of 42 m.p. 217 
(dec ».) . ned Found: C, 47:7; H, 5-42; N, 
9-26. Cak C,.H,,O-N, (300-3): C, 48-04; H, 5-37; N, 
> (Iila, 2) The exper ent was carried ut in the same way as Ila. 1." but in the presence of 
py! aine 
4 A. M. Gachokid Z. OF Ci 22, 139 (1952 P. A. Levene 1 R. S. Tipsor iB Chem. 90, 89 
(1931 
1. Compton and M. L. Wolfr | A Chem. Soc. 86. 1157 (1934) 
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The reaction mixture consisted of N-p-tolyl-p-galactosylamine (4-0 g, 1 mole), N-p-nitrophenyl- 


4g, 1 mole), pyridine (1 ml) and anhydrous ethanol (50 ml) containing hydrogen 
xture was refluxed for 5 min. The separated crude pr xduct was recrystallized 


giv ), 3° (decomp.), 189° (c, 1 
immediately lution Calc N, 


The proc 


(Illa, 3) experiment a, 2 yphenyl-p-glucosylamine and a more 


1 mole) and N-p-nitrophenyl- 


iloride 


In this case 


ated 


iractio 


hydrogen 


direct separ- 


Type 


Reaction of aryl-acetylglycosylamine with non-acetylated ary! 


lglycosylamine 


N*-p- ylamine 
Trans-¢/ycosylation of N*-p-si Iphamylphe nyl-p-glucosylamine tetraacetate and N-p-folyl-p- 


ucosvyiamine 


188 
p-glucosylamine 
chi 
dilute solution were employed 
The reaction mixture ¢ ted of N-p-tolyl-p-galactosylamine (2-0 :, RR : 
p-glucosylamine (4-4 ¢, 2 n ) in anhydr etl 60 ml) containing dry hy« en < || % 
(0-03 ¢). The mixture was refluxed 31 The crude precipitates were recrystallized from 30 vc! 
of 75°, metha Yield § n.p. 210-213”, [a]? 188° —- —225° (c, 0-8 in 48 hr). (cf."). 
(Ila, 4). A t “IIa, but without employ ydrogen chloride catalyst. 
no frar viat could be detected. and the original glycosides were recovered by Emr 
crysta ition 
i) By tra N* | a heny\ a f wine ar N /NCO- 
swle itl I re xture i of N nine 
0 chlor 0-038 ¢). TI is I i for 
\ { 20 mn. the ive 
a sec 0-4 iit f ether. 1 crude luct ere recryst ed 
fre iry Total y fy product w np. 198°, 112” (c, 0-8) 
j N. 83: 3 ( r H,.O.N.S (33434 & 4: (cl ) : 
I re” ré rN yiphenyl-p-g sylamine, m.p. 202-204 115 
Illa, ¢ As exp t “Illa, 5 dD the presence n dine (0-7 ml). Yu 24 m.p. 196 
(dec n 113° 1) 
; Illa, 7 As exper t “Illa, 6,” but 2 mok f N-p-tolyl-p-glucosylamine were employed. 
I product gave pure 
(Illa, § As exp Illa, ¢ but 2 moles of N phamylphenyl-p-galactosy e were ‘ 
¢ ed. Exc N‘ yha phenyl tosy c t df the rea mixture 
tra f N tlactosvlamine ar N-(4-carboxy-3- 
} (iil react xture ted of dry N ilphamyl- 
pl ct $-0g, 1 mole p. 171-174°) dry N-(4-carboxy-3-hydroxyphenyl)-p- 
v s+ 1-05 p. 142 134 ) mo m chloride (0-2 g, 0-3 mole), 
ind ir met 50 ). The react mixture wv I d for 30 min. Ether was admixed to 
’ tl ed solut t t became turbid, and t precipitated material was recrystallized from 
me to give 0 product (18:2°,): m.p. 201° (dec p.). 115° (c, 1). (Found: N, 
8-27: § 7. Caled N. 8-4: S, 9-¢ ) : 
10). As experiment “Illa. but in the presence of pyridine (1-5 ml), and with ; 
chi 0-05 inst Lol im chioride catalyst. ¢ ling in an ice-bath gave 
ated « n (0 pn. 190 lecomp.) 113 {c. | 
The product gave a pure glucosazone 
Trans-e/ycosviation beloneing to 
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1) tetraacetate (5-0 g, 1 mole) and N-p-tolyl-p- 


glucosylamine (5-4 g, 2 moles) were refluxed for 15 min in 96%, ethanol (100 ml) in the presence of 3% 


hydrochloric acid (1 ml). Scratching started crystallization in about 2 hr. The mixture was then 
gently warmed (40°-S0°) in order to prevent precipitation of N‘-p-sulphamylphenyl-p-glucosylamine 


90%,), separated at room temperature, consisted of pure N*-p- 


tetraacetate. The product (3-0 g, 
sulphamylpheny|-p-glucosylamine; m.p. 202°, [x] 4 121° (c, 1, in water). (Found: N, 8-32; 
S, 9-42. Calc. for C,.H,O;N,S (33434): N, 8 
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ZUR DARSTELLUNG o-CHINOIDER KOHLEN- 
WASSERSTOFFE UND DEREN VERHALTEN 
GEGENUBER PHILODIENEN 


K. ALDERt und M. FRemery' 
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(Received 14 November 


Zusammenfassung—Es wird cine Methode beschricben, die gestattet o-stiindige Biradikaletts inter- 


Diese dusserst reaktionsfahigen K6rper vermégen zahlreiche Additionsreaktionen mit anderen 
Dien-Sy ch 1, das dabei zu neuen Tet Derivaten fiihrt. Die D 
Systeme ¢ *t durch eine quantitativ verlaufende Brom-Abspalt 


aieser 


ius Dibromiden 


iron 


Namiot ef a/.* unter Anwendung des Heitler-London’schen 


IM Jahre 1945 fiihrten 
Molecular Berechnungen durc 


Hinsicht Einblick in die energetischen Zustande der o-, m- und p-Chino-dimethane 


h 


die in quantitative 


erméglichen. Der Vergleich der Energieinhalte dieser KOrper ergab, dass im Falle des 


o- und p-Chino-dimethans aufgrund der Konjugation eine relativ hohe Resonanz- 
energie besteht, die fast an diejenige des aromatischen Systemes heranreicht. Die 
vollige Instabilitat dieser chinoiden Kohlenwasserstoffe lisst sich auf die leichte 
Verschiebbarkeit der z-Elektronen iiber die Konjugation zuriickfiihren. welche eine 


Stabilisierenc miagerung n aromatischen System I I merisation-ermog- 


Singulett und 


Triplett-Zustandes vom und p-Chino-dimethan und entnahmen aus den | rgeonissen, 
dass neben den chinoid Doppelb ndungssystemen mit antiparallelen Spinmomenten, 
auch Diradikalische Systeme mut parallelen Spinmomenten moglich sind, da deren 


verschiedener Weise darstellen 


So wurde die Abspaltung von Brom aus @.~-Dibrom-o-xylylen mit Natrium* 


als auch Grignard-Reaktionen mit den entsprechenden Alkoxy-halogeniden® be- 


schrieben sowie vor allem Pyrolysen entweder mit o-Xylol® oder mit « -Dijod-o- 


URSS 21, 42 


= 
‘ n 
mut indige Methyle nid-Gruppe 
Abstract 4 method for the format of intermediary OM licaletts described These extreme i 
nstadic carbdo I reac ine ead comp ents tnus it 
A i dt t the add mp cipk ft the Die Alder reac can be applied, which leads to the 
for tet de itives 
The prey t t these termediary systems ts performed by a quantitative bromine-cleavage 
o-methylene-bromides 
licht. 
Diatkin und Syrkin® ermittelten auch die Erregungsenergien des EEE 
Energie a in der gicichen lies 
Experiment isst sich das o-Chino-dimethan i) 
und durch sein Polymerisat charakterisieren 
xyiyien’ durcnhgetunrt. 
D < r K (Jetzige Anschr Research 
D \ Or W U.S.A.) 
A.J. N M. E. Diatk K. Syvk C. R. Acad. § URSS 48, 267 (1945) 
M. E. Diatk I. K. Syrk icta Pi chim, «4421 (1 94¢ 
*W. Balk 1945 
F. G. Mar 1954 
c. J. Chem. P 16, 128 I48) 
G. Farmer, /. Chem. Pi 23, 403 (1955) 
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In diesen Untersuchungen trat die Reaktionsfreudigkeit des instabilen Kohlen- 
wasserstoffes lediglich in Form von Polymerisationsvorgaéngen in Erscheinung. 
Deshalb erschien es im besonderen Masse interessant, Additionsreaktionen mit 
anderen Komponenten unter Bildung wohldefinierter Addukte, zu untersuchen. 

Die giinstigste Anndherung hierzu erschien in der Darstellung des chinoiden 
Kérpers gleich in der Gegenwart der zweiten Additionskomponente, so dass er im 
intermediaren Zustand an die andere Komponente addiert. Dies kann aber nur dann 
zu Ergebnissen fiihren, wenn die Additionsgeschwindigkeit mindestens in der Gréssen- 
anordnung der Polymerisationsgeschwindigkeit des o-Chino-dimethans liegt, eine 
Bedingung, die durch geeignete Konzentrationswahl der Komponenten sowie durch 
geniigend aktivierte Doppelbindungen der Addenden leicht erfiillbar ist. 

In der vorliegenden Untersuchung wurde hauptsadchlich das Prinzip der Dien- 
Synthese als Additionsreaktion angewendet, indem Philodiene als zweite Additions- 
komponente mit den inter mediaren o-chinoiden Systemen-resp. Biradikalen umgesetzt 
werden. 

Da die bekannten Methoden zur Darstellung des o-Chino-dimethans den Voraus- 
setzungen fiir die Additionsreaktion nicht geniigen, wurde eine Methode entwickelt, 
die einerseits eine intermedidre Bildung des Kohlenwasserstoffes gestattet, andererseits 
die beigefiigte zweite Additionskomponente chemisch unverandert lasst. 

Die Reaktion beruht auf ein Darstellungsprinzip flr Butadien aus |.4-Dibrom- 
buten-2, bei dem das Dibromid in Athanol mit Zink umgesetzt wird.* Die gleichen 


hy 


Bedingungen wurden auf .~’-Dibrom-o-xylylen angewendet, wobei sich jedoch ergab, 


dass bei schwach polaren Lésungsmitteln und driger Temperatur die Bromabspal- 
tung mit Zinkstaub in unbefriedigende sbeute verlief. Hingegen konnte eine 
totale Entbromierung in Gegenwart stark arer Lésungsmittel wie Essigsdure oder 
Dimethyl-formamid erzielt werden. 

Zunichst wurde das o-Chino-dimethan ohne genwart eines Philodienes dar- 
gestellt. Die Bromabspaltung aus dem et tsprechenden Dibrom d erfolgte in hoher 
Verdiinnung in Essigsdure als Lésungsmitt | mit Zinkstaub bei 20°. Aus dem Reak- 


tionsgemisch konnte o-Xylol. x.f-Di-o-tolu-dithan sowie ein héheres Polymerisat 


isoliert werden. Die Bildung de id ‘rstgenannten Reaktionsprodukte erfolgte 


durch die reduzierende irkung des Zink-Essigsdure-systemes aul den—durch die 
Entbromierung gebild aktiven Kohlenwasserstoff, was auf einen radikalischen 


Reaktionsmechanismus h 


} 
CH_Br CH | CH. | 
‘ 
E CH CH 
CH.Br 
ist. 
H.C 
CH 4 CH 
CH.Br | CH, C 
2 Cc 
CH.Br CH CH, 
* J. Thicle, Liebigs Ann. 308, 339 (1899) 
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Bei Anwendung des radikalisch indifferenten Dimethyl-formamids als Lésungs- 
mittel wurde unter den gleichen Bedingungen in theoretischer Ausbeute reines héheres 
Polymerisat gebildet. Dieses Lésungsmittel geht bei Temperaturen unter 60 keine 
Nebenreaktionen ein und erweist sich fiir die Reaktionen als besonders gut geeignet. 

Bei Anwesenheit von Maleinsdure-anhydrid als zweite Additionskomponente 
verlauft die Bromabspaltung in Dimethyl-formamid durch Zink exotherm unter 
Bildung des Adduktes I in 93 A usbeute 


mit einem 


1O-dimethans 


il. Tetralin-2-carbonsdure- 


Addukte in geringeren Aus- 


angedeutete Notwendigkeit 

m Philodien hin. So aktiviert 

' geringerem Masse wie z.B. 

die Anhydrid ileinsdure-anhydrid adurch wird die Konkurrenz- 


reaktion—d oly risation des o-Chino-dimethans—trotz Anwendung des Ver- 


diinnungsprinzips beginstigt Unter diesem Gesichtspunkt der Aktivierung des 


*R. D. Hawort 321 (1940 


| 
CH.Br co 
> I 
Br 
Das Ergeb dieser Addition wurde durch einen Parallelversuch =m ’ 
anderen Au ing iterial tur Darstellung des intermediaren Chih: 
gepri 
b Pol sation des Benzo-cyclobutens bei Tempera- ies 
Die Beoba i 
\ ( i C2 ter | erung zum o-Cl -dimethan aul- 
So wur B vart von Maleinsdure-anhydrid aul 
ISO” ¢ Add Bild y de ben Adduktes wie 
vO 
In b I tderS punk enen Tetralindicarbon- 
‘ 
Unter d B B ’ »in Gegenwart von Malein 
> 
> 40% 
angewendet. Die R en ergaben Tetralin-2-ni 
und Tetra -aldehyd als wohldefinicrte 
b 
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C,C-Additionszentrums erschien es interessant, einen typischen Vertreter der Diene 
als Philodien anzuwenden. So ergab die Addition mit Cyclopentadien unter den 
beschriebenen Reaktionsbedingungen, dass trotz der Konjugation eine hinreichende 
Aktivierung der Doppelbindungen fiir philodiene Reaktionen vorliegt: Das Addukt II 
konnte in 40° Ausbeute als 5,6-Benzo-4,7-dihydroinden isoliert werden. 


CH,Br 


CH.,Br 


Bisher wurden nur diejenigen Philodiene beschrieben, deren addierende Zentren 
Philodiene mit andersartigen aktiven Additionszentren, wie die der N,N-Doppel- 


bindung des Azo-dicarbonsdure-dimethylesters oder die C,C-Dreifachbindung des 


jeweils eine C,C-Doppelbindung besitzen. Eine Untersuchung des Verhaltens der 


iv 


Acetylen-dicarbonsdure-dimethylesters ergab unerwarteter Weise eindeutig negative 
Resultate: In beiden Fallen trat keine Addition ein, als Reaktions-endprodukt wurde 
lediglich das Polymerisat des o-Chino-d methans isoliert. 

Die beschriebene Untersuchung det Te) ‘hino-dimethans lasst die 


Existenz des intermediiren Kohlenwasset es als o-cl des stem, Biradikal 


oder Biradikalett unentschied ral 7 las experimentelle Studium, einen 
-Chino-dimethans, 


yhlenwasserstoff herzustellen 
aufweist aber keine stabilisicrende lymerisation sowie 1 nolekulare Umlagerung 


einzugehen vermag 
Dazu erschien das 1,3-D ils besonders gut 


geeignet Dieser Kohlenwasserstoff laisst sich—ausgehend vom 3- Diphenyl-1 ,3- 


dibrom-2,2-dimethyl-indan III en *n Reaktionsprinzip darstellen, wied as 


o-Chino-dimethan 

So wurde zunichst 
Gegenwart eines PI 
K ohlenwasserstoffes 


ote 


werden, es 
unter Bildung des Carbino 
ist méglich durch die Anwendung v 
das dabei resultierende 
massig stabiles, hochvisk 

Struktul des yey 


drei Méglichkeiten zu diskut 


en, 
I] 
die Bromabspaltung in der beschriebenen Methode ohne 
, lien vorgenommen. Bei der Aufbereitung des aktiven 
nte jedoch die A iwendung VOI Wasser nicht vermieden 
ntaner radikalischer Reaktion eine Absattigung 
ddukt Eine Umgehung dieser Nebenreaktion 
n Zink-amalgan in Toluol bei 100°. So konnte 
reszierende Isoinden-Derivat IV als verhatnis- 
cl kuul llation isoliert werden. 
Diphenyl-2,2-dimethyl-isoindens ware unter den 
. | 
| CH CH, | CH, CH 
4 A AA 
a B 
Iv A 6 Iv Cc 
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Das Ultraviolett-Spektrum dieses Kérpers weist weder auf cin konjugiertes 
te Phenyl-Gruppen-gemass IVC hin. Danach 


System-gemiss IVB, noch auf tsoliert 
liegen die echten Systeme eines o-chin viden Isoindens sowie eines Biradikals nicht vor 
Das Ergebnis d agnetochemischen Untersuchung entspricht eindeutig einem 
diamagnetiscl \ en, womit die Exrster ves echten Biradikals auszuschliessen 
si 
Die chemische | er g d iktiven Kohlenwasserstofles ergab, dass bei 
\ 1 Ill id 1) veist 
| M | 
\ Vi \ 
Dic A \ \ " ter 
K \ 
B | 
h 1\ 
IVA 
\ S | 
V_-Sneh 
; 


SICTA ‘ 
| Anw Struktur \ 
d \ B S ib P 
angewendc \ 
64, 2 } 


versial } 
Die | » p is en De IVA d 
\ ils Brradih tt 
vorlicet K ur riokeit ist lediclix suf die Abw nheit der resonanzstabil 
ne 
bst 


Zur Darstellung o-Chinoider Kohlenwasserstoffe und deren Verhalten gegeniiber Philodienen 195 


dibrom-indan sowie aus 2,2-Dimethyl-1,3-dibrom-indan unter denselben Bedingungen 
wie bei dem -Dibrom-o-xylylen, naheliegend 
In beiden Fallen fiihrten die Reaktionen zu einer momentanen 100 proz. Poly- 


merisation der intermedidr gebildeten Isoinden-Derivate. MHinsichtlich des 


Tetramethyl-isoindens ist dies besonders bemerkenswert, wenn man seine geringe 


°° A 


Stabilitat mit der des weitgehend analogen 1,3-Diphenyl-2,2-dimethyl-isoindens 


vergicicht. Dies gibt wieder ein Hinw 


11 


Hierzu erschien zundchst die Brom-Abspaltung aus 1.2.2.3-Tetramethyl-1.3- 
3- 
dafiir, dass die Phenyl-Gruppen in 1,3- 
Stefiung nicht nur sterisch polymerisation rnd wirken. sondern auch aul-erunc 
Stefi f 
Die Us 2,.2-D thy mit Malein- 
siiure-a n D 5 Ausbeute zu dem Addukt VII 
Re 
Die B \ D ch auf 
R die 
| t k aus 
B \ nsub- 
K Ory S Was (die 
Ver barkcit | r | tionen 
Ch Ik \ | j r P ( Varten 
; Dic Brom-Absp ing ler beschi Met unter 
Anwet D 
Das 1 de Reak lub . Polymerisat den Kohlen- 
Wass¢ 
| W \ radik schen 
A 
Die Dur j ng der Brom-Abspaltur n Gegenwart von Maleinsdure-anhydrid 
ergab in 4 Ausbeute das bereits bekannte Addukt X. Seine friiher beschriebene 
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Darstellung" verliuft aus der Addition von Inden mit Maleinsdure-anhydrid bei hoher 


Reaktionstemperatur, und der Additionsvorgang wurde liber eine Isomerisicrung des 


Indens bei hohen Temperaturen zum chinoiden Isoinden formuliert. 


e-ester 
Da 

n stark 
es nahe 
, sondern 
als ein 
beim 

I Addi- 


leisten, 


1dex) Ausbeute 40 


edenen Mecha- 


NH,Cl-——Lésung 


| ] 
Zur weiteren Anwendung der—Db rnur be Maleinsdure-anhydrid bekannten 
|.3-Ad n des | Isc B Abspalt rin Gegenwart 
\ i ‘ cl in 20 Au beute 
tatsdc le ethylen-tetra )-cal iure-methylester XI 
1) Austuhi ) Real pril t Acetvien-d rbonsdure-ester 
sowic A nsi ter als P lien fiihrt ( keiner Addition. Ahnlich 
verhalt sich « I Erhitzen von Ind t Acetylen-dicarbons 
auf 180°, bei der die | g zum ¢ Isoinden einsetzen s 
hier na i erigen Ertahrunget ne Dr Alder-Addi n be! 
anzunchmen, d das | nde cht als ein echt es Syste vorlic ; 
auch b Iemperatur liber 150 “ bei der Brom-Abspaltung bei 2( 
Biradikalett XII auftritt Dieser mesomere Zustand cheint aoc : 
o-Chino-dimethan sowie | ,3-Diphenyl-2,2-dimethy nde einer Diels—Al 4 
: tion mit den letztgenannten Philodienen eine! eblichen Widerstand zu ii 
sodas r Konkurre! iktionen den Vorrang haben 
D elseit Verhalten des Indens gegeniiber den verschiedenen Philodienen ist 
somit nicht angel iul Ki lenv toll seipst zuruck- 
zufiihren. sondern cher auf die verschiedene Additionsweise der Philodiene 
EXPERIMENTELLER TEII 
(1) Brom-Abspa nl dil 
20 Dib x) verac 150 cm? (desi ert iber KMnO,) gelést und die 
l ; cI S OO ¢ I ig und 3¢ Z ‘ bei 20° unter kraltige Rihren 
eing¢ pit. Pro St eine Z be vo 1 ¢ Zinkstaub. Nach Ab f der Reaktion 
wird vo ibersct Zink abl ert und das I t t 1.2 L Wasser verdunt vobei das Reak- ‘ 
pT Al ta \ end wird au eathert, die atheriscne Losung gerei et, der 
At er Ina Ruckstand Vak aest crt 
Dabei erhalt ul ci | ktione 
o-Xylol (Identifiziert durch Siedepunkt und Brechungsir . 
1K. Alder u. F. Pascher. Ber. Disch. Chem. Ges. 75, 1501 (1942) y 
Wohl veriduft hier -t Iemperatur ne Additio ach einem vollig verschi 
is (M. D } D t ym 1958, ¢ In d. | versitat Koln.) 
13 Darstellung gem E. F. Atkinson, J. Chem. Soc. 91, 1696 (1907) 
4% Der Zinkstaub wird in allen Versuchen erst durch Aulschia4mmen in cincr gesatligten . 
aktiviert 
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Sowie «,f-Di-o-tolu-ithan. Schmp. 63° (aus Ligroin) Ausbeute 15%. 
(Gef.: C, 91-4, 91-5; H, 8-8, 8-7. Ber. fiir C,,H,.: C, 91-4; H, 8-6). 


Der Riickstand-etwa 40°,-besteht aus bromfreiem Polymerisat. 


(2) Brom-Abspaltung in Dimethyl-formamid 
20 g Dibromid werden in 100 cm* Dimethyl-formamid (wasserfrei!) gelést und die Lésung inner- 
zu S00 cr Dimethyl-formamid und 3 inkstau i 2 inter kraftigem Rihren 
Pro Stu ¢e criolgt cine w re iwabe vor Y u Nach Ablauf der Reaktion 
erschil elgur abfiltriert, d iltrat in 1.2 L Wasser, 10cm konz. 
1 rx rmal Da udlicher Weise 


e 100 Ather ver nnt und ans« 
ris hne destillierbare Bestandteile). 


Der Muischschn 
Produkt’ ergibt keine Depressiot 
t Azo-dicarbonsdure-dimethylester findet 


Eine Addition des Benzo-cyclobutens mit 150 


nicht statt 


(5) Addition mit Acrolein 
lein werden in 


20 g frisch destilliertes 
rd bei 20 


zugefiigt. Zu diesem Gemi 

M. P. Cava, .« hem. § 17 (1957 

% Bei der Abspaltung des ilogens aus dem 1,2-Di ygen-benz \ ns durch Zink 
von Maleinséure-anhyd hrieben—tritt ledigli imerisieru 


Benzo-cyclob 


in Gegenwart 
ng des intermediar 


(3) Addition mit Maleinsdure-anhydrid 
, 23 e reines Ma Ire rid werden in 500 cm* Dimethyl-formamid gelést, die Lésung auf 0 
gekiil R Zink D er | e Braunfarbung 
plex-bild eder bei ing von 20 g : 
Dit M D er S etropft 
Pro St I t< Z De Z , RR KI 1s sslich 
rur Abtr Zink K riert 12LW HC! 
sowie 101 \ N 1 Trock- 
(Gel C, 71-2 H S‘l. Ber. fur C,.H,,O, ¢ 3: H, 5-0) 
Schmp. 189 i ) Ausbe 
I ( cl -D -cyclobute e 1,2-D benzo-cyclobuten wurde nach 
der Vor ellt 
Sc p.4 \ IX 
7 |) kK erce ) 1) $00 cm erfreiem 
Tetra ro-f t 60 200 I 20 ¢ LiAlH er Uber- 
ed sc int R \ rhit vei Stdn 
unter Riickfl cl Al-K dur Z be cde t Menge 
W er | 0°. D Niedersc t riere! I lirekt im } 
Halbvakuum einge k Der Rich halt ) le K rstoff noch 
W er und Tet \ Deshalt rd W el ea rt und der 
Extrakt blicher Weise feearbeitet e erste Dx itio les Pew ene B sutens 
erfolet liber Natrius 
Sdp 17° (Drehband). Identifizieru jurch Vereleich der charakteristischen I.R.-Bande 
mit authentischem Produkt 
(Gef.: C, 92-2, 92-0; H, 7°8, 7-9. Ber. fiir C,H,: C, 92-3; H, 7-7) . 
{ddition mit Maleinsdure-anhydrid. 5 ¢ Benzo-cy buten werden zusammen mit ¢ Maleinsaure- 
anhydrid 10 cm* Benzol ca. 24 Stdn é Bombenrohr auf 150° erhitzt. Nach Abkihlung 
kristallisiert das Addukt I rroben Nad 
Sc p. 189° (aus I rester) Ausbeute 80 
(Get C. 71-2. 71-3: H. 5-2. 5-1. Ber. fiir H,,O C, 71-3: H, 5-0) 
lin-2-aldehyd 
0 cm* Dimethyl-formamid gelést und 3 g Zinkstaub 
om-xylylen in 
gebildeten utadicns*’ ein. 


198 K. ALper und M. FREMERY 


eingetropft und weiter verfahren, wie unter (3) 


100 cm? Dimethyl-formamid innerhalb 6 Stdn 
beschrieben. Der unter Stickstoff destillierte Aldehyd ist oxydabel und w ird in Form stabiler Derivate 


charakterisiert 
Ausbeute des Tetralin-2-aldehyd 
Schmp. 194° (aus Methanol) 

H, 7-2, 7:2. C,,H,,N;O entspr.: C, 66°3 


40”. (gelbes Ol) 


Semicarbazon 

(Gel C, 67-0, 66°9 

Phenylhydrazon. Schmp. 174° (aus Essigester) 

(Gel C, 82:5, 82:2: H, 7-6 7:7. H,.N entspr C, 81-6: 
Der Destillationsriickstand bestehz aus Polymerisat 


Tetralin-2 j othyl 
etra 


Bildung ve 


solierte Addukt ist ein farbloses 


Arbeitsweise W! r(5) descnriet Das stark nach I ukalyp- 
ndes ©] te 60 


der fiir 
twicklung 
75 Im 


Schmp 


Dibromid Il 


mamid 
nter 


ach 


icenus 


H, 7-0) 
H, 7-3) 
(Gel C, 73°38; +. ,O, entspr Xu, 
Die Dehydrier des Addukte im Naphtl carb re-methylester erfolgt n 
4H Aquivalenten Menge Sc efel bei 1M Nach Beend der Schwefelwasserstoff-I 
‘ wird das krist e Pr k Vak. de ert d s Me ol umkrist iert. Schmp a 
Gemisch mit einem authe chen Produkt erfolgt keine Schmelzpunkterniedrigung 
(7) Ad m mit Bildu von Tetralin-2-1 
Arbeitsweise wie unter (5) De eben. Sdp )2 Das Destillat krista! ert spontan i. 
$5 I Ausbe SO 
Cx C 84-2 84-4: H > 7-3. H,,N entspr C. 84-0: H, 7:1) 
Weitere Be lurch U.\ e 1.R.-Spektru 
(8) Addit mit Cy ent Bildung m 5.6-Benzo-4,7-d lro-inden (11) 
Arbeitsweise Wic er veschriebe Sdp Ausbeute 40 
(Gel ( 2-0. 92-1: H, 8-4, 8-3. C,,H,, entspr. ¢ 11-7: H, 8-3 
Weitere Belegung durch U.V. -und ILR.-Spektrum sowie partielle Hydrierung 
(9) Darstellung des | ,3-Diph |-2.2-dimethyl-1| ,3-dibrom-indan (111) 
20 2,2-Dimethy 1.3 (hergeste ach der Vorschrift Wislice erde n 100 
cn A the t einem 4-n i ente veifacher Uber B yenzol- 
Grig 800 cm? A inter kraftigen Riihre ropi Der Grig K ex | roter 
Nic c s. Die Reaktio vird danac ch 1 Stde ter Riickfl el t und 
ansc iblic We bereitet. Sc p. f bei ll 1° (aus M )}Ausbeute: 70 
2 cle ‘ enen Di erdc 100 cm? for ind e LOsung unter! 
Ruhre ( 20 g Phosp r-tridro bersc ve pl Daraut 
er i | 2S 6 Die Uberschu Me e PBr vird durch W " rersetzi Nach 
Re der ¢ form-Lésung destilliert man das LOsung ttelab: dabei fallt das 
ki 
Blas Ibe Nadel Schmp. 85° (aus Ligroin) Ausbeute SU 
(Gef.: C, 60-8: H, 4:5. C,,H,,Br, entspr.: C, 60°6; H, 4-4) 
Bromal ult Dimet formamid. 10 ¢ des Dibro ercdk nlovc Dimethy a 
gelost u b 7 Std bei 40° 200 cn torn lund 3 Zinkstau 
kraftigc Rihre Daraul verdinnt ma I Reakt iktes 
A btre issigem Zink 1 L. Wasser, 5 HCl s 100 « Ather schittelt 
anschi Ather aus. Der Extrak eist anta eine ensiv Dia Fluores- 
ze! 1, di ] " r Re rung des Extrak mit Was verhalb kurzer Zeit verschwindet 
Zur Is ciete 1 ,3-Dipi /-2,2-dimet 1 (V) wird der Ather abdestilliert, 
‘ wobei cin farbloses kr es Produkt ausfallt, dessen Zusammensetzung des Carbinols V entspricht 
Schr p 180 ius Met! ol) Ausbeute 75 
: Gel C, 87-8, 88-0; H, 7-4, 7-4. C,,;H,,.O entspr C, 87-9; H, 7-1) 
17 Wisi, Liechies Ann. 252, 86 (1889) 
= 


Zur Darstellung o-Chinoider Kohlenwasserstoffe und deren Verhalten gegeniiber Philodienen 199 


(10) Addition mit Maleinséure-anhydrid. Bildung von \ ,4-Diphenyl-\ ,4-endo (dimethyl) methylen- 
tetralin-2,3-dicarbonsdure-anhydrid (V1) 

Die Ausfiihrung der Addition erfolgt in derselben Weise wie unter (3) beschrieben. Die bei der 
y WH ngeengt und der Riickstand in Ligroin aufgenom- 


Aufbereitung anfallende atherische Lésung 
men. Nach Anreiben Essigester fallt da ddukt au mm 344 Ausbeute 
| 


‘ 


(Gef.: C, 82-0, 82-0; H, 5-4, 54. C, nt 


(11) Brom-abspaltung mit Zink-amalgam. Bildung von 1,3-Diphenyl-2,2-dimethyl-iso-inden (IV) 


Unter kriiftigem Riihren wird 100 g reines Quecksilber, 120 cm* Toluol, 8 g Zink und 10 g Di- 
bromid in Stickstoff auf 100° erhitzt, wobei sich zunachst das Zink in Quecksilber lést. Durch das 


Turbinieren in rd Dald al maigam nk-durcn seine extren yhe Dispersion stark 


aktiviert-abgeschiede 
A-Kohle geschiittelt 1 ub leur filtriert an zieht da Osur inter Luftausschluss 


ab und dest hochviskoses gelbes Ol 


mit starker 
Nachn 
Pulver, 


(Gel 


Darstellung d 


A isvenena 
bromid das Tet 
schte Dibrom 

ib Dimet I 


nur bromfreies Pol 


(13) Dar 
Bedingungen 


riebenen Methode 


Det 
Farbloses O1 
(Gel 
Brom 

Dic 


angewendet 


geben Das 1so- 


Reaktion mit 
lierte Addukt VII wird 
Schmp. 114 


(Gel 


(15) Brom-Abspaltung il 
15 ¢ Dibromid were iiber KMnO, llie gelost d LOsung inner- 
halb 5 Stdn. zu 300 cr sessig und 3 ¢ cstaub bei 30° unt ihre ngetropft. Pro Stunde 


erfolet eine weitere Zugabe von ub. Die unter (1) beschriebene Aufbereitung ergibt 


14 ‘ 
A iinblauer Fluoreszens. Sdp. 8 iG: 14 Ausbeute 0 
a hrtigiger Auf bewahrung unter Luftabschluss polymeriert IV zu einem farblosen amorphen 
ches in Ather unlosiich ist 
C, 93-4, 93-5; H, 6°7, 6°7. entspr.: C, 93-2; H, 
In Gegenwart von Luft bildet sich ein Produkt der Zusammensetzung ¢ H,,O. Schmp.: 68 
: von 1V an Maleir ire-anl VI). 3¢des K isserstoffes IV und 1-5 g Malein- 
saure-a yvdrid werde 15 cm® Benzol 8 Stdn. auf ca. 55° erhitzt. Beim Abkii fallt das Addukt ; 
vom Schmp. 344° kristal ius. Ausbeute 98 Die Addition erfolgt auc el b 30 Stdn. bei 
3 25°). Der Mischsc velzp kt mit den ter (10) besc ebene A ddukt ergibt keine Depre ar 
; Die Untersuchu U.V.-Spektrums von VI weist auf isolierte Phenyl-grupps n, was einer 
Addition aus der lsofor entspricht. 
(12) 1 ,3-dibrom-indan 
2,2-Dimet ndandion-1 ,3 rd irch eine Grignard-Reaktion mit Methyl- 
hvl nak er! te weicl nit Pl sphor-tribron l mve tzt das vewun- 
‘ t. Seine Bromabspa vil eder nach dem Verdiir sprinzip mit Zink- 
mn n beschriebener Weise durchgetuhrt Als Reaktionsprodukt lasst sich 
ymcrisat isolieret 
zum 2.2-Dimethyl-indan-d! reduziert und das Dicarbinol tn der unter ( )) besch 
mit Phosphortribromid Cc} farn vesetzt 
ngen des LO esmittels verbleibende Riickstand ist i. Vak. destillierbar 
19 
1 43-7: H, 4-2, 4:2. C,,H,.Br, entspr C, 43-4: H, 4-0) 
Hier eder dieselbe M le wie unter (2) beschricben 
ende Reaktion ergibt bromfreies Polymerisat 
: (14) Addition mit Maleinsdure-anhydrid. Bildun m 1.4-Dimethyl-1.4-endomethylen-tetralin-2,3- ‘ 
dicarbonsdure-anhydrid 
Maleinsiure-anhydrid und 25 g Dibromid wie unter (3) ange 
is | vester kristallisiert 
culc 75 
C, 74:3, 74-6: H, 6-0, 6:0. C,,H,,O, entspr C. 74-4: H, 5-8) 
4 
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xan durch Vak.-Destillation das 1-Acetoxy-2,2-dimethyl-indan 


H, 7-9) 


einen dligen Riickstand aus dem 
(Sdp 74) Ausbeute gewinnt 
(Gef.: C, 765, 76-4; H, 80, 7-9. entspr.: C, 76-4; 
D Wom? Te o-f (wasserfrei durch Natrium) gelést 
R t Mengc Uberschuss) LiAlH, 
Der LiAl-K W je T) K ‘ ert 
G >? 39-2: H, 3 C,H,.Br, ¢ p C. 32; H, 29 
ry or) B ib 1() 
Z B Ru sid ful 
\ \-Ko rK rur 
H CH ( H } 
‘ 7 
\ vd 
4 
\ 
Dic A Rich Polymer t twa 40 
\ 
Mi \ Dibron ina 30 \ 
\ Addukt 
Snch \ x en Ke einer 
4 
Ww. 55 } 
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ACTION OF MANGANESE DIOXIDE ON 
CARBOHY DRATES—I 
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Abstract—-Manganese dioxide degrades | - 3, | ind linked hexose 
5 linked hexosy! cent) 

been 
be 


ses with 


Previous studies' have shown that the principal pathway of oxidation for aldohexoses 


with manganese dioxide involves elimination of Cl to give the corresponding aldo- 


pentoses; some acidic products are also formed. Tetroses are probably produced from 
the pentoses, but they do not accumulate, being rapidly oxidized further to yield acid 
products. Similarly, hex l-hexoses give hexosyl-pentoses, with no accumulation of 
hexosyl-tetroses in those cases (1 > 6 linked disaccharides) where further 
oxidation is possible 


The direct conversion of he © pentose is not a common oxidation pathway of 


sugars, although it can be achieved ing glycol ‘avage reagen ’ especially lead 


tetra-acetate. This oxidant can iw insul *whena ympany- 


ing formation of tetrose necessitates chromatographi ition of the pentose: yields 
vary widely with hexos ’ erally in the range 15—35 percent. With 


a suitably substituted hexo th ld of pentos lantitative.” Hexosyvl-pentoses 


lower! 
two-sta 
simplicity 
obtaining 


: generally applicable to mixtures obtained by oxidation of 3-, 4- and 6-substituted hex ; 
rides, 
hexosyl-tetroses are also produced.’ Standard methods for shortening the carbon- 
chain of a sugar, such as the Ruff® or Wohl—Zemplén’ degradations, and glycal 
involve OI OTe stages, ol intermediates and a consequent 
f overall yields . Recently,” D-g e has been degraded to D-arabinose in a 
but single batch oxidation with hypochlorite. Because of experimental 
oxidation with manganese dioxid opeared to be an attract! method for 
hexosyl-, O-methyl-, and deoxy-pentoses from the appropriate hexose 
L. Be \. B. Fost M.S M.W 184, 130] )) 
,. 8S. 1 A ( 76 
D. FE. W 74, 5468 
SP C.B ( 14, 54 \.S.P ( j Chem. 14. 9 (1959 
> ASG P 14 
H. G.I H.W. D ( SH { 72. 4546 (1950 
G. Z Ber. Dt ( 60, 1 
Chem. U.S.S.R.) 18, ; Cher 42, 494 
R. L. Whistler ar R. Scl A yr 81. 5190 (1959 


N. M. Sracey and J. M. Weasser 
le to hexoses having a substituent 
ion of pentose products would be minimized 


e oxidation of a series of model compounds 


red from manganese sulphate 


Although this oxide 
it caused oxidation patterns 
decomposition of manganese 

was a better oxidant under 
weights of 


out at SU 


an oxidation 


not com- 


Was req ured 


d hexosyl- 


and 


had 


20? | L. Bose, A. B. Fosrer 
derivatives. The method should be « ae 
or deoxy group at | since further « 
was therefore cxal 
: 
and potassiun per nate under alkaline condi 
repeatedly ga ilkaline (pH ca. 10) extract with wat ; 
qu cry sc Ol the product ota db 
carD it< 125 | mus Cxtract). a reo 4 
Standara cx () lath Vel usua pcriol 
arisacchariak Lidant vate! r | rativ In oxidations carricd 
cid formation was intly wed. After re val of cations from 
mixtul ine ac pl cq u Dasic anion excnangel 
It soo! cca r t eve iia exe f manganese dioxide did 
fi thod was t ( reparat ec. W |—»3and 4 
1» 3. resnect In both cases, 1 ex se and hexosyl-arabinose Hill 
mark ferent paper phor ties (M,, values) in borate buffer 
I { ind iitose, Dul its application to mixtures 
> mked rides sucn a laminaripiose oT 
n I he are raded in solution at pH 
lO. but ar tal ‘ Iso! 1 on paper du lectrop esis in alkaline buffers 
, , 
It has now bee d that the re s rly stat dw st adsorbed on charcoal in 
the pr ce of teatpH 10. Oxidat of maltose with manganese dioxide at 100 
nr 69 ner nt) mprizing arabinos ‘lucose. malt 0-34) 
fract te y charcoal-borate chr itogray Immediate neutralization of the 
co ile prevet n of Compound A ich had been eluted from 
the | nm Tee wit some oO lapping of 
ents (1 iit inotcommence ul oval of Compound 
Aw ( dA i isily freed | norganic iterial and mono- 
Sa ] if ind nee Va recovered com 
nletels mixture. | disaccharide, which 
| 
al VSI | rea naridce 
hitol of Lic ySIS. and a 
p i ed th t tior a ran j 


Action of manganese dioxide on carbohydrates 


results from 
ing release of 
reveals a | > 


formaldehvd 
a 


substrate 
bios¢ was 
completely le the 
principal oxidation 


ICOPpyranosy 


was essentially 


4 
4 + 4 
f\ 
/\ 
2 \ 
+ 
= 
ttack of the acyclic moiety. With the glucosyl-arabitol, the accompany- 
mote yae (WV in UPLAKE OFT fess in 5 Mole OT periodate) 
3 glyce nka ther giuc l-arabitols would give only | mole of 
: es stage of oxidation. | slower oxidation of the cyclic motety 
ig 
would give Il whi ) subject to o yxidation through its malondialdehyde 
ip 
The borate-cha Of [ractionat iS applicaDie to Oxidation mixtures 
obta fers ind it tne 1 tnod of cl ce il re- 
of un 17 | rat H vever, the t ensitivity of 
| >» 3 linked disa rid ' nermits a simpler approach in which the unoxidized 
“J L. Bose, A. B. Foster and R. W Stephens, J. Chen Soc. 3314 (1959) and references cited therein. 
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the mixture on a charcoal column then furnished the 


unaffected. Fractionation of th 
gluc iral sc in an overall yield of 31 per cent. The glucosyl-arabinose was 
ident i by ¢ to known 1.3.5-tri-O-acetyl-2-O-(2,3,4,6-tetra-O-acetyl-/-pb- 
glucopyral -D Conf itorv evidence for the 1-—»2 linkage was 
pr per xidation pattern of the reduced disaccharide which con- 
sumed 3-8 e of the int th release of 1-8 mole of formic acid and 0-9 mole of 
forn 1 | t! retical values for 2-O p-glucopyranosyl-p-arabitol are 4, 2, 
and espect 
- 6 linked hexosvi-glucoses and their 1 —> 5 linked hexosyl- 
al ‘ npreciably different. so that borate-charcoal 
cl Moreover. a | —» 6 linked disaccharide cannot be 
select C kali itive thods of fractionation were therefore 
\ ELIRBIOSI 
\ 
‘ $4 ) 
? ] 
9 
( (x 
; | ts fro ‘ on were fractionated on a 
2 cel era recovery} 
svl-ar ill 
H eneous 
this mis 
\ tI 
st De I ilact 
‘ ‘ ™ ‘dation of 
of 
» tions 
per 
en npare 
| Vil i! cioxide 
ity nt of 
ite. Oxidation of libios 
a I ia ni Tl listed in Table | Th latter 
icid rrem il of ic acids by charcoal column 
chrot raphy. With malto ind melibiose, the pri ipal acidic products were the 
corresponding glycosyl-tetronic and glycosyl-pentonic a ds. 
W ik. M { 76, 1753 (1954 


i; 


Z 


Actior 


of manganese dioxide on carbohydrates 


EXPERIMENTAI 


hromatography was 


f butanol 


the 


Wherever possible, optical rotations were measured in 2 dm tubes. Paper 
performed « Whatman No. ! paper by downward irrigation with the organic | | 
: etl ol-wate $°1:5) Paper electrophoresis w carried out on Whatman N« 3 paper using || 
en sed stri tecnnigue with borate (pH 10),’* or acetate (pH 5) buffers Detectior vas effected 
with aniline lrogen phthalate r silver nitrate The mobilities of acid products in acetate buffer 
are expressed as M lues (GA *luconic acid). Charcoal/Celite colum: vere prepared from 
A in acid-treated** mix * equal parts of B.D.H. act ted rc nd Celite No. 545 
Pyre eSSC ds were used | xidatior ler 1 1 the kali 
induced side react s ch result from the f l s M inese dioxide was prepared 
from manganese sulphate and potassium pern ganate under alkaline conditions 
w ofr malt 
Manganese dioxide 12-3 ¢) was added t f maltose (12-3 g) vater (370 ml) at 
95-100 ew tirred mp. The led and filtered 
sol ‘ passed t Amb IR 120 re (H 100 l ed the 
aa FT CO fort 00 1 the mix é then t erred c t € ne 
res 50 I t the tot centrated 
as we ne gd giucos et (0-43) acids e last ‘ € 
Paper ¢ tographi trophoretic t eutr esidue revealed b se 
ICOSE e (Re 0 0-34 A(R $3, M, 0-5 \ ture 
; (8-8 85 ml) was luce to a charcoal/Celite 12 x 5-5 been 
washed with borate buffer (pH 10 6 1.) the pH the eaving 
Cc d be attributed t echarides \ ( pound A espectively : 
lhe f 24-51) ompounc were concentrated at 40° (bath)/12 m to 
600 ml (pH ca. 6) d ced char ( (16 en 
etl lo chromatog ) ( d A (2-02 18 [ 1-04 
in H,O). The product i crys ed { que anol, but was s c that the 
, Characterization of compound A 
: (a) Acid ydro 4 solution of Compound A (10 )in N HCI (2 ml) was heated at 95—100 
. for 2 hr. then cooled. diluted th water (3 mi), neul ized with methyl di-1 ctviamuine ind a 
\. B. Foster, Chem. & Ind. | $2) 
’ A. B. Foster, P. A. Newton-H i M. Stacey, J. C) Soc. 30 (195 
S. M. Partridg Nature, Lond, 164, 443 (1949 
W. EF. Tr yan, D. P. Proctor and J. S. Harrison, Nature, Lond. 166, 444 (1950) i 
B. Lindber d B. Wickbers Chem. § 8, 569 S54 
I Lester Smith and J. | Pag J. Soc. Cher Ind. 67, 48 (1948) 4 
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Chromatographic examination of the residue revealed a mixture ol 


duction wi 


glucose and 
h sodium borohydride. A solution of sodium borohydride (0-6 g) in water (20 ml) 
of Compound A (1-0 g) in water (20 ml). After 3 hr 
| 


, when %p was constant, 


neutralized (pH 8) with sodium hydroxide, and introduced 
n h was then washed with water (100 ml) 
homogeneous (R, 0-61 


m 
nol 


m.p 


Elution 
0-54), non- 
The colourless crystals which 
could not be determined. Hy- 
icose and arabitol 


reduced 


product (100 mg) in 
(S50 ml) 


ind tl 


ved by 


O-OIN NaOH 


= 
arabinose 
(>) 
’ was a ided toa x 4 
the s Was ack 
on charc VCelite column (8 
with 1 que etl rave a chro! 
red » residue (0-94 )whi was crystallized from 1que 
had 113° (¢ 1-48 H.O) were very hygroscopic and the ; 
dr the mater cd in (a) mixtu glucc 
water (10 treated \ d taperiodate 
rap liu 100 cor pt ‘ t was follovi——l the standard method ;** 
formic acid lib mn was det ned i ‘ n of excess periodate with ethylene glycol, by y 
dire { with SE. and for dehyde by the chromotropi acid method The 1 
res ts were obtained 
T imme r) 0-07 0-160-250-3310 1:5 25 40 55 20 i4 9? 
Or ) 3-48 1-66 5-82 6-09 6:26 6-66 7-02 7-14 7°52 7-85 
Acid 0:79 4-05 4-44" 
Formaldehyde liberat es) 20 2° 
* 4-94 moles by Dack titratior 
Nk 
\ DIOSC tirred th manganese dioxide (1 g) for 
t e (R,, 0-48, 0°66) and pound 
B . vw. 03 | ) by d vater (ca. 5 1) to a mixture 
‘ ‘ iin ) ‘ b p ssare 
\ < passed ivi \ ber! te 
IR 70 | iK ec (Usy ( raj c and 
el ‘ ( iBw tlected t mplete destruc 
rit ed sec, Mannose and acidic Com- 
\ wate 0 ced charce Celite column (13 
( B ed Dy \ ed 4 yucous 
1/5O mi) gave 
( 1 B (0-28 had 46°4 5-6 in 
HO) 
} RB f 0 ed i ¢ pound B 
| r) 0-33 Of 15 3-0 50 20 
h) etate (40 et le (0-5 ml) were heated 
E. L. Jack O 2, 341 44 
1 RA B $80 (1953 
Pre ib in follo S. Pe W. J. Whelan and H. G. Lawley, 
J. ci 24 (1958 
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ice-water (8 ml) and stored at 0° overnight. Decantation left a syrup which was washed with water 


and dried in vacuo (P,O;) to give a solid product (55 mg). Chloroform extraction of the decanted 


solution furnished additional syrupy material (57 mg). The crude products were separatel 


y crystal- 

lized from ethanol-light petroleum (b.p. 60-80) to give 

}-p-glucopyranosy]] p-arabinose (14 mg, and 4 mg, respectively) In both cases, the product was 

obtained as colourless needles, m.p. 196°5—198", alone and 196-199°, in admixture with an authentic 


sample of the compound (m.p 200-5—201°) The infra-red spectrum of the product and that of a 


sample of the authentic compound were indistinguishable 


Oxidation of melibios« 


A solution of melibiose (9:3 g) in water (280 ml) was stirred with manganese dioxide (9-3 g) for 
1 hr at 95-100", and then processed as in the previous oxidations, to separ ite the neutral and acidic 
products 

(a) Examination idic products electroph« this material (1-35 showed the 
series of galactosyl-ald 

Aqueous elution of the sodiu ilts of t icid f : yarcoal/Celite column 
(15 3-5 cm) furnished the low tract I {2 nd acids to acids: 
VI, VII—AC to 6C acid id galactosyl-aldonic to XIl—galactos lonic acid Hy- 
drolysis (N HCI, | hr) of th iterial 1 yvered from fr ions VIII to XI yielded galactose and a 
mixture of 3C, 4¢ 

4 solution of the acidic products (0°35 g) in wat wa ugh a column 2°5 
cm) ol in form) v ift yy 1 witl r (2 n was ibjected to 
rradient 7 | ri iti with aqueous I cid yj cl I mi) were 
obtained I tosy Idor ralact | d lonic acids 

(b) Fractionatior 0 ira [ i per ¢ I na p p r Ciecil resis sn 
the presence of lyxose, galactose, melibiose (Ay ink n und g» 0-090, M, 
0-87) 

A solution } utral product r was introduced or ) l/Celit olumn 
lient (51 ) nd veted with aqueous ethal (2:5 ip matography 


Prac 


showed the 


ippropr 


tylamine) 


and 0-50 


thereby 


following fractionation pattern 
Fractio 25 mil) Comp ents Yield (2) 
5.50 tose 0-09 
109-195 me se, pound ¢ 
A portion (50 mg) of the c bined frac 109-195 s furtl fract te 1 a sheet of 
Whatma N 17 paper (57 ) he et l—-wate! 
r (4:1:5) solvent. Chre i Tal cally hor ren ( ind ¢ 1) me) s extracted from the 
Gime iate strip with hot water 
Charact ation of compow i¢ 
(a) Acidic hydrol) ( tographic ¢ f a neutralized ( yl di-n-oc =! 
hydrolysate (N HCI, 95—100°, 2 ed the pr nd arat 
(bh) Reductior th tne ) xture was 
; treated with sodium b dride i proce cle bed for Comp 1 A. Paper chromato- 
é graphy ved melil R.. 0-36) secon component R 0-50) P ner electro- 
; ph esis in molybdate buffer (pH 5) lso revealed t onents ving Ms 0-75 (melibiitol). : 
; BEE respectively (/ obility with re that sorbitol). Reduced Compound C was 
HEE identified as a 5-O- or 4-O-substituted arabitol 
27 E. J. Bourne, D. H. Hutso 1H. Weigel, J. C/ S 35 (1961) : 
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nds in the aromatic nucleus 
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anthracene and phenanthrene the bonds are sufficiently stabilized to prevent the re- 
arrangement of 2-allyl ethers occurring around the A? bond, the rearrangement of the 


16 is not restricted (absence 


allyl ethers of 5-hydroxyhydrindene” and 6-hydroxytetralin 
of the Mills—Nixon effect) and takes place in both ortho-positions if they are available. 

From a consideration of these facts and of the rather scanty kinetic data on the 
ortho-Claisen rearrangement, it seemed that the energy of activation of the reaction 
(which is a measure of the slow formation of dienone) might be used as a measure of 
double bond character or bond order in aromatic and aliphatic unsaturated com- 
pounds. There is kinetic data in the literature for the ortho rearrangement of the allyl 
ethers of p-cresol and vinyl alcohol.'? In order to obtain sufficient data for our pur- 
poses, we have studied the kinetics of the rearrangement of several other suitably 
chosen aromatic ethers, using those structures for which data on bond orders was 
available. These were the ethers derived from |- and 2-naphthol, 2-, 3- and 9-phen- 
anthrol and 8-hydroxyquinoline. The details of their preparation, rearrangement and 
techniques used to obtain the kinetic data are described in subsequent sections below. 
From the data obtained (Tables 2-8), the first order rate constants (k,) were calculated 


i fr 


and the energy of activation for each reacti was computed from the Arrhenius 


equation and the entropy of activatior m the Eyring equation (1), assuming the 


transmission coefficient to be equal to unit) 


kT 


where / Boltzmann’s constant, 
is Planck’s constant, 
is the transmission co 
is the entr 
\E> is the enc 
Since it has bee! 
affected by the nature 
irrespective of the preset 
activation energies 


TABLE | 


h 
icient 
ion, and 
yn 
ite of the Claisen rearrangement yniyv slightly 
“ i pooled lata wit iture data, 
»of a solvent of 1 tion. In] e 1. the derived 
ith 1 bond orders of the relevant bonds in the 
Allyl ether of \E* (K \S R as 
p-C reso 33 . ()-66 
1-Nay 101 6-0 
2-Phi inthrol 29-5 0 
3-Phenanthrol 29-5 0 0-702 
8-H ydroxyquinoline 29-7 0-70 
* Bond orders 0 
Ww. C. Lot », J. Amer. Ch 62, 132 
Ss. E.S kava d A. E. G 11, 
17 F. W. Schuler and G. W. M lA ( 72. 
H. Eyring, J. Ci Phys. 3, )3 
"Cc. A. Coulson, Val Oxford (1954 
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TABLE 3. FIRST ORDER RATE CONSTANTS FOR THE REARRANGEMENT OF 2-ALLYLOXYNAPHTHALENE 


Temperature im Yield of 1-allyl-2-naphthol 


( nin (%) 


20 11-0 
14-4 
OO 
179.1 14 
iv Sec 
hy | Cl I ry ol actival ior 
. p, LI M (2) 
ere n tat ( | ‘ iyi 
bearing the al y gt Rt M nstant teristic for the 
rearral ent oO int ral 
values of K, L, I M of +5 That 
nottl ri j | | | 1 lial | i 
can now 
tempc of r 25 pr ent to take place illyl 
| r< TT | icW ‘ pel il | 5 iit! 
the bond orders 1n styret in equation (2 ve optain a theoretical energy of activation 
( M.A. P ov, 4 138). 
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TapLe 4. FirsT ORDER RATE CONSTANTS FOR THE REARRANGEMENT OF 5-ALLYLOXYQUINOLINE 


that tl 


WouUuk 


Altl 


pared 2-allyloxy 


benzo 


quil ) 


j 


tion shows that bond ders and va 


encies in this compound are probably similar 
hypothetical allyloxybenzoquinone. 


to what would exist |! 


alan 
Temperature Tin Yield of 7-allyl-8-hydroxy quinoline ; 
(min) 
10 
+ 
14 ‘ 
4 63-0 
) 0 ( 
for the rearrangement of allyl «-phenylviny! ether 16-2 kcal This can be compared 
with ft ilu f 30-6 keal for allvl vinyl! ether itself and readil iccounts for the 
; observed rate ol! reaction The fact that allvl «-methylvinyl ether rearranges more 
readily than ally! vinyl ether may De due to hyperc igation, which would cause a 
decre in the bond order of the vinyl double bond but would increase the relevant 
free va The determination of the energies of rearrangement of these vinyl 
ethers wou thus make it p bie to determine app! nately the deg! of delocali 
zal ct n pronpence A | irt er examp ‘ nce ee Va ncies 
in the Claisen rearrang nt occurs in the rearrangement of allyloxy quinones 
Acc ra oO ¢ | n (2 the energy of activaliol tor the rearrange! nt of an 
allylon benzo ne would be only about 5 kca le, and, alt he entropy 
of activi niorsu irrangeement tht be hi ¥ negative (sinc lable | indicates 
@llllic AS* tends to decrease as AE* decreases), it c 1 be expected that the reaction 
wa! be nearly complete at room temperature in a few hours B@houch allyloxy- 
WEizoquinones have not been prepared, Fieser* 
—~ i ohcerved that it rearranged 7 134 Calcula- 
2 L. F. Fieser, J. Amer. Chem. S 48, 3201 (1926) 
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TABLE FIRST ORDER CONSTANTS POR THE REARRANGEMENT OF ¥Y-ALLYLOXYPHENANTHRENI 


d of 10 } xyphenanthrene 
j 
( 
a0) 
> A> , 
0 
+4 
a0 
{ { 
( 
| y y . 
{) » 
60 
1) 
1) 
194-0 10 0 
‘ »0 
1s 
40 
sO 66-9 3-69 10-* sec 
he 
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TARLE 7. FIRST ORDER RATE CONSTANTS FOR THE REARRANGEMENT OF 3-ALLYLOXYPHENANTHRENE 


Temperature if Yield of 4-allyl-3-hydroxyphenanthrene 


(min 


tact instead of the 


expected o-allylaniline™ can now be understood nergy ol yclic transitional 

is lowest wh it is coplanar with aromat ing n aromatic allylamines 
more energy required to bring abot ans | allyl ethers, since the 
nitrogen atom is pyramidal he lic transit 
aromatic allylamines would also lead to a more negative entropy of activation due to 


F. L. Canaha ind ird. J. Ame Chem. S 


ional state in the rearrangement of 


| 
4.0 
158-0 + 
90 12-8 
16°7 
7.4 
180 U 
? ‘7 
3 i) 2 
‘ 
0 
; 
sO 67-0 ec 
&. Fu S FOR REARRANGEME? N-al \PHTHYLAMINE 
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( I } 
‘ { 
j 
“) uy 
5-0 
280-0 } 
43.9 
i) 
i 
> ) 
4 » { 
S2, 4586 (1930) 


The relation between the Claisen rearrangement of allyl ethers and their electronic structure 215 


inhibition of the rotation of the amino hydrogen atom. Since the energy of activation 
for the rearrangement of allyl phenyl ether, derived by calculation from equation (2), is 
about 34-0 kcal and it appears that about 6 kcal is necessary to bring the nitrogen 
atom into the planar state,” the energy of activation for the hypothetical rearrange- 
ment of N-allylaniline would be about 40 kcal. The combination of high energy of 
activation and large negative entropy of activation would mean that the rearrangement 
would only take place at very high temperatures and it is therefore not surprising that 
at 275° only cleavage was observed, since the latter reaction would occur with a 
positive entropy of activation 

An experimental verification would be available in the case of allylamines that 
correspond structurally to allyl ethers that rearrange with exceptionally low activation 
energies, in which case the allylamine rearrangement might be expected to occur at 


temperatures lower than that at which cleavage becomes important. In accordance 


with this hypothesis, we have prepared N-allyl-1-naphthylamine (I, R H, R 


CH,-CH=CH,) since AE* for the rearrangement of allyl 1-naphthyl ether is only 
26-0 kcal. When this compound was heated to 280° for 3 hours, it rearranged to give 


2-allyl-1-naphthylamine (Il; R CH,-CH=CH,) in 90 per cent yield. A small 


if 


amount of unchanged N-allyl-1-naphthylamine remained, but cleavage, if it 
was so little as to be unmeasurable. This is thus the first example of a Claisen 
rearrangement from a nitrogen atom The rearrangement was found to be of the first 
order with AE* 32-4 kcal (predicted 32-0 kcal) and AS 17 e.u 

As a consequence of the theoretical treatment it should be possible to predict the 
pattern of rearrangement for several other interesting allylamines. Thus, 2-allyl- 
aminobenzoquinone (III) can be expected to rearrange with Al 12 kcal: 
at such a rate that at room temperature it would rearrange within a few hours to give 


the ortho-substituted primary amine. ‘- Allylaminoquinoline (LV) would be expected 


CH 


to rearrange with AE* ~ 33 kcal and 9-allylaminophenanthrene (V) with AE* = 28 
kcal. It is possible that 2-allylaminopyridine (but not the 3-allylamino compound) 
would rearrange with Al 29 kcal. However, the calculations for this compound 
are complicated by the contribution of dipolar structures to the resonance hybrid, and 


there is thus considerable uncertainty. For similar reasons, equation (2) cannot be 


applied to calculations of AE* for the rearrangement of vinylamines. 


NH—CH;—CH= 

NH—CH;—CH=CH 
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Another type of rearrangement that could take place in compounds having partly 
valencies is the rearrangement of aryloxyketones. 


localized electrons and 
Tarbell™ investigated the reaction of p-tolyloxypropanone, but found that, although a 
little p-cresol was formed by cleavage, ‘arrangement took place. We have found 


that when I-naphthoxypropanone (VI) and 2-naphthoxypropanone (VII) were heated 


loxy compound 


Claisen 

sion of the gen—carbon and 
carbons the olariza nergy of a 
postulated 

ally] 

and 


f f th sen—carbon bond 


tic OT tne 


bly modified form of equatior (2) could be 
in various substituted allyl radicals 


u 


play a part in determining the energy 


ement is in fact clear from a study of available 
Tarbell and ich” studied the 


loro- vlic acid. They found that while the 


benzyl and f-naphthyl methyl ethers was cleavage, 


orresponding at methyl esters, the 9-phenant! ryl- 
9-me hydroxy-3,5-dichloropheny|)- 
veld that simultaneous breaking of the carbon 

bond occurs in the first stage of the 

insitional state the z electrons in the 


ince of the transitional state. 


n 


the decrease of the energy of activation 


as 


due to tl transitional state is opposed by the increase of the energy 
due the localizati ene f the two a electrons in the arylmethyl group. When 


the arvimethyl a nzyl or naphthylmet! vl. this localization energy is large 


r the Al bond in naphthalene) and consequently the 


(30 kcal for penzene 2? kcal to 
energy of activation for the hypothetical Claisen rearrangement would be higher than 


“ T) 7 251 (194?) 


D 1, Amer. Chem. Soc. 65, 2149 (1943) 


at 28 for 3 urs, 1 | xxvpropanone was largely unchanged, only a mall 
al 2-ni letected in the product by paper chromatography, but the 
l-nat Kypropa nposed a st completely, giving |-naphthol together 
| ic f due 
with some tart of these compound rearrang vav be due 
f to t v1 [ of the transitional state, in which the lone ciectron ; 
pairs on the oxygen at re not significantly delocalized. Nevertheless, the fact that 
|-naphthyloxypropanone | ch less stable to h an the 2-naphthy = 
| theoretical treatment does not make It | 
rearrangement involves homolytic or heteroly 
nit carbon bonds, since in alternant 
: given carbon atom 1s independent of the ni 
However. the fact that the energy activati 
> 
quinoline is consistent with equation (2) aitnot 
C-8 are not equal to unity, suggests that honol 
used for a study of bond orders and [ree va 
That bond orders int lvl rad litcel! 
nat OONG OTUCTS ill Cauyi Tacica 
of activation of the Claisen rearran 
q 
information in the iterature For 
pyrolysis of aryimethyl ethers of 3, 
first stage in the pyrolysis of th: 
followed by the formation of the 
methyl ether mainly rearrang 
phenanthrene. It is now genera 
oxygen bond and formation of th 
Claisen rearrangemen This impli 
I 
allvl radical are delocalized and contribute to tl oe 
W! lis an arvimethy! group, 
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the energy of the cleavage reaction. When, however, the aryl methyl group is 9- 
phenanthryl.nethyl, the energy of localization of the A9 bond is only 16 kcal, and the 
Claisen rearrangement could be expected to take place, on condition that the energy of 
rearrangement of the allyl ether of 3,5-dichlorosalicyclic acid is of the order of 20 kcal 
or less (36 kcal being probably the maximum \ ilue for the energy of activation if an 
ether is to rearrange at a reasonable temperature). It is again in accordance with the 
requirements of theory that, in fact, Claisen and Eislib*® noted that allyl ethers of 
| i irrange with elimination of carbon dioxide at about 100°, 


substituted salicyclic acids reat 


which indicates an energy of activation of the sat xyphenan- 


threne. i.e. about 20 kcal. The energy of activat 
hy! 


9-phen inthrylmethyl ether 


fa) 
equa 


al on this 
riments 


enol and a ical treat- 


pnenat tnro 


stability of 9-phenant 


n tor the rearrans i tne 
‘ ic acid cannot be calculated from 
Gn (2), since th re are additional complications due to hydrogen bonding between 
the carboxy and allyloxy groups. Nevertheless this energy of activation could be 
calculated empirically if data was available on the energy of activation for the re- 
arrangement of the allyl ether and the effect of free valencies in the all | radi P| 4 
energy. This effect could probably be determined from a series of kinetic 
ment similar to that used in the present study. 
Preparat f ethers and rea ] 4 fit pi lu 
2-Allyloxynaphthalene has been described as a low-melting solid decomposing on 
distillation?’’8 and readily decomposing on being heated to give 1-allyl-2-naphthol 1.27 
1-Allyloxyvnaphthalene also decomposed n att noted distillati and its 
rearrangement has been described.*® We have found that both etl in be distilled 
; in a short-path still under hig! icuum. With only a minimal yunt of rearrangement 
occurrin Both ethers underwent smooth rearrangement when heated under refiux in : 
decalin for 40 minutes t e the tho-substituted naphthol: 
2-Allyloxy- and 3-ally yphenanthrene were prepared and rearranged according 
' to Fieser and Young The « nounds ‘found to be stable at 100° under nitrogen 
In the presence of air at [Ol they turn vellow. but no rearrangement takes place 
9-Allyloxyphenanthrene was prepared | ikine the phenanthrol with allyl bromide 
. in the presence of acetone and potassium vdroxide under nitrogen. W this ether 
was heated in iso-octan inder nitrogen. in a sealed tube at 156° for 3 hours it gave an 
oil that analysed correctly for the substitut ohenanthrol (VIII). Att nts at purifica- 
tion through crystallization eventually ga ic 0 i with m.p. 139° that analysed 
for C,,H,,O This unexpected product liberated iodine from potassium 1odide, 
behaved abnormally on reverse-pha per chi tography, and 1 an infra-red 
an O—O—H (hydroperoxide) group These propert are consiste \ it being 
the hydroperoxide (IX) formed through 1 illy facile oxidation of 10-allyl-9- 
by atmospheric Fieser and Young’ commented on the in- 
Po lerivatives a id the with whic they can be « xidized by 
* The structure of this D. McH ries, 
L. Clais V bh. 401, 21 (1913) 
C.A.H iL.s in Soc. 59. 1 1937) 
0o.D.S N. R. Heet H. B. K d D. Swer 17 ( 23, 282 (1951) 
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atmospheric oxygen. In the case of retinol (8-isopropyl-2-methyl-9-phenanthrol), 


however, they found that oxidation stopped at 9,10-quinone stage Fieser and Young 


successfully rearranged the allyl ether of retinol but gave no analysis on the oily pro- 
duct and identified it as the crystalline acetate. Accordingly, for analytical purposes, 
we ¢ rted 10 v1-9-nhenanthrol immediately after the rearrangement to an acetate, 
on which the required lysis was obtained. The allyl substituted phenanthrol was 


Way as 


he compounds Lo be 


table at 100°. whe ited for 4 hours, and t would be expected from our kinetic 


encountered by Fieser and 


’ as | to Mander-Jones and Trikojus.’ 
N-Allyl-l-naphthylamine (1 R H, R CH,°CH:CH,) has been used in 


pharmacologic studies by several workers*' who have not, however, described the 
properties of the substance A substance described as N-allyl |-naphthylamine was 

by Sloviter bv the action alivi chiot de on I-naphthylamine its Structure 


serneg based on an 1odine number and nitrogen analysis We were unable to repeat this 
ascu 


p- Toluenesulphor F al ded N allyl-N-p- 
toluenesulp! iphthylamine (1: R CHyCHySO,; R CH,°CH:CH,). 


Attempts to effect acid or alkaline hydrolysis of the sulphonamide were unsuccessful 
treatment wit! Te } butanol cleaved Ut ulphonamide to an oil which gave a 
crvstalline hvydroct re mn pm or vield This was not N allyl | naphthylamine 
hydrochloride, b opeared from the analytica ures to be the hydrochloride of a 
dihydro-derivative fra-red evidence supported a dihydronaphthalene structure 
The required allvi-naphthylamine was eventually obtained by direct allylation of 
1-naphthylamine with allyl bromide in the presence Of potassium carbonate. Aftera 
preliminary distillation the bases were converted into hydrochlorides and fractionally 
crvstallized. the separation being followed by infra-red spectra. Two isomeric mono- 
allviated naphthvylamine hydrochlorides were obtained, the major product being 
N-allyl-I-naphthylamine. The free base had b.p. 120°/0-5 mm, compared with b.p 


Ser 


fortunately stable enough to be determined chromatograpnically in ihe samc : 
+ ther compounds under study. Fieser and Young also reported that the allyl 
thers of 2-p tin nd phenanthroi rea nged on the water-bath so easily that 
coul i anne h by vacuum distillation We found 
stable 
studies on these compounds. It is likely that the difficulties is 
11'S P. > 381.071 (Eastman Kodak Co.) H. Endo, Rep. Res. Inst.. Tohoku Unie. Mar. C, 7, 351 (1957) 
A.S A ( 71. 3360 (194 
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110-120°/4 mm for the material described by Sloviter. Its structure was confirmed by 
conversion to the p-toluenesulphonamide, which was identical with the product 
isolated from the reaction of N-p-toluenesulphonyl-l-naphthylamine with allyl 
bromide. The second product contained a primary amino-group and appeared to be a 
C-allylnaphthylamine hydrochloride catalytic reduction gave the corresponding 
C-propylnaphthylamine hydrochloride, which formed crystalline acetyl and benzoyl 
derivatives. These were not the same as those derived from 4-propyl-1-naphthylamine 


as described by Sergievskaya and ‘tskaya.” Catalytic reduction of N-allyl-1- 


naphthylamine hydrochloride gave not the n-propyl derivative but |-naphthylamine 


hydrochloride. characterized as acet-zx-naphthalide. A somewhat analogous cleavage 


of an O-allyl ether has been described | Moffett and Seay.“ who found that 


allyloxy-3,5-bis-n-propyl-benzamide yielded the 2-hydroxy derivative on hydro- 


genation 

When N-allyl-l-naphthylamine was heat n a sealed tube at 260° for 4 hours, 
smooth rearrangement took place to give 2-allyl-l-naphthylamine (II; R CH, 
CH=-CH,). Its structure was confirmed by conversion into the known p-nitrobenzoate 
of 2-allyl-l-naphthol. The derived hydrochloride howed no depression on mixed 
melting point with the foregoing C-allyl-l-naphthylamine hydrochloride and the 
infra-red spectra of the two compounds were identical. On catalytic reduction, it 
yielded 2-n-propyl-1l-naphthylamine hydrochloride (II; R n—C.,H-) and hence the 
acetyl and benzoyl derivatives, all of which were identical with the products obtained 
from the C-allyl-l-naphthylamine obtained by direct allylation. It therefore appears 
that some C-allylation of l-naphthylamine takes place in addition to N-allylation 
under the conditions used, since the temperature (boiling acetone) was far too low to 


have produced the C-allyl compound by a Claisen rearrangement 
EXPERIMENTAI 


1(10-0 @) 


2-Allylox ynaphthalene 

-Naphthommimmmg, allyl bromide (8-4 g), pota im carbonate (9-6 2), and acetone (70 ml) were 
heated under reflux for 2 ht icel was ved ler red. pre and tli irry treated with 
aqueous N-sodiul ydroxide and extracted with ether. The ether wa ys were i iv vater, 
dried l evaporated t brow 022 A portion of the oul (5 g rht petr im 
(b.p. 40-60 was pel in spence ty] U) and the ute 
evaporated t 4 ed l rt il D.T 
(bat 0 P b 1-6078 (Hurd 1 Sx er give 
1-600). The picrate for eedles fr pn. 96-97" (lit 98-5-99°) 
{ na tha prepared b.p. 60° (bath)/10 mm (Pirani). 
n 1-60 16038 | i: C. 84-6: H. 6°5. H,.O re res: C, 84-8: H, 6°6°.). The 
picrate formed orange-yellow needles from ethanol, m.p. 99 100° (lit m.p. 100-5-101°) 
1-Allyl-2-naphith 
2-Naphthylallyl ether (5-0 g) decalin (50 ml) was heated under reflux for 40 min, cooled, diluted 
with ether and extracted wit is N-sodiu ydroxide Acid it of the extrac rave an oil 
which was collected and dist i. b.p. 130-134 /0- Crysta ation fro ght petrole im (b.p 
60- SU the prod riess pr ns. mt Sf +) p. 55°) 
2-A l-naphtl irly prepared had b.p. 114°/0:2 mm, needles from light petroleum (b.p 
40-60 np. 35-36° d: C. 84-5: H, 66. Calc. for C,,H,.O: C, 84-8; H, 66°,). Claisen and 
Esshib describe the pnt las an oil, b.p /l2n 
kava and G. Ya Ur kaya, Zh. Obshch. AK 23, 1522 
‘R. B. Moffett and P. B. Seay, J. Med. Pharm. CI 2,2 160) 
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THE INTENSITIES OF THE CARBONYL BANDS IN THE 
INFRA-RED SPECTRA OF 2- AND 4-QUINOLONES 


McCorkKINDALI 


The University, 


ember 1960) 


Abstract le int ties of the ca nyl bands in the infrared spectra of sixty-fiv . 4-quinolones 
have been m t t sh them 
that the 


(XXVIII 


Ir is often important in the chemistry of quinoling alkaloids to distinguish between a 

2- and 4-quinolone. The different criteria which have been adopted for this purpose 

have recently been summarised by Raj and Holden. One distinction was 

based on the infra-red spect f model compounds, an gst which 2-quinolones 

were found to absorb at 1660-1650 cm~', and 4-quinolones at 1630-1620 
> 


However. increasing numbers of 2- and 4-quinolones have since been found which 


absorb in the same frequency region. namely 1647-1631 cm~!.4° It has been noticed, 


1 


on the other hand, that the 2-quinolone absorption band has a characteristic shape 
and high intensity,® and it is now shown that 2- and 4-quinolones may be differentiated 
by measuring the carbonyl intensities 
The determination of infra-red spectra in the solid state suffers from the dis- 
advantage that frequency and relative intensity « hanges are often observed, depending 
on the state of division of the sample.® Owing to the low solubility of many quinolones 
in common infra-red solvents, very few quinolones have had their spectra measured 
in solution. The author has tested methylene bromide and bromoform as solvents, 
but many quinolones, notably 4-quinolones and 4-hydroxy-2-quinolones are sparingly 
soluble even in these. It was found, however, that almost all the quinolones which 
were tried, were soluble in dimethylsulphoxide. This has only low absorption in the 
carbonyl region and would be a suitable solvent but for the fact that it dissolves, to a 
significant extent, the potassium bromide of which cells are generally composed. 
However, potassium bromide was found to be virtually insoluble in mixtures of 
| part dimethylsulphoxide with 3 or 4 parts of chloroform. These mixtures readily 
dissolved the quinolones and, where spectra could be obtained in chloroform or 
methylene bromide as well as in the sulphoxide-chloroform mixture, results proved to 
be similar. 
Integrated intensities were calculated by the method of Cabana and Sandorfy.’ 

In the few cases where shoulders occurred on the high frequency side of bands, these 
were included in the intensity calculations using the Cabana—Sandorfy treatment for 
! H. Rapoport and K. G. Holden, J. Amer. Chem. S 82, 4395 (1960) 

B. Witkop, J. P. Patrick and M. Rosenblum, J. Amer. Chem. Soc. 73, 2641 (1951) 
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R. N. Jones and ¢ 


York (1956) 
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TABLE 1 (contd.) 


Structure 


VII, 8-MeO 
Ill, 4-€ 

I, 3-HOA 

1, 4-HO.A 

8-MeO 
Vill MeO 


> A 


4 


WN WN 
x 


VIil, ¢ 
Vill 


Vill 
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IX 


tem”) 10 10 10 107 
1653 1394 §9-? 54-6 
1651 1510 §2-2 $2-3 52.5 54-2 
1 $31 49-3 50-8 56 $1-4 
1650 1443 53-0 $2.7 59.2 55.9 
1648 761 52-8 64-6 62-6 
647 402 54:9 57-0 62 §9-3 
1649 17 52.7 51-4 
MeO 1650 220 19.0 14) 15.7 13.9 
8-diMeO 64 6-4 68-2 
6°R MeO 18 1972 1.3 25.5 
22 is | ) Ks ro. 2 61-2 
XII 4? 19.9 0 19.4 
39 XU MeO ) 11-4 41-7 
R Ve 
C. F. B 17 
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TABLE 2. INTEGRATED BAND INTENSITIES t OF 4-QUINOLONES AND 
N-MPETHY! 
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unsymmetrical bands. Shoulders on the low frequency side were not included, since 
these might be attributable to ring vibrations. Intensities are given in absolute units, 


cm, c/s, molecule, In. 
The results given in Tables 1-2 support the generalization that the amide carbonyl 


absorption of 2-quinolones is considerably more intense than that of 4-quinolones. 
The carbonyl intensities found for the 4-quinolones (8-9-25-8 units) are comparable to 


those found for a group of anilides (Table 3), and to those recorded’ for some 


acetamides. benzamides and acetanilides (11-6—22-5 units). The carbonyl intensities of 
the 2-quinolones lie in a higher range (33-7—76°7 units) Accordingly, despite the fact 


that a number of the 2- and 4-quinolones examined absorb in the same frequency 


range (1649-1626 cm '), the high peak intensities of the 2-quinolones allow them to 


be distinguished from the 4-quinolones 
The apparent molecular extinction coefficients ( ) corresponding to the car- 
bonvl absorption are again large in the case of 2-quinolones (1000-2000). Although 


} 
the majority of the 4-quinolones had _ values considerably less than 900, four 
had hig! value ompounds nos. 60-63), and, on the basis of _ value alone, 


Ll 


would be indistinguis! ab | m 2-quinolones The carbony! bands ol these were, 
however. narrow and the integrated areas were therefore similar to those of other 


4-quinolones 


Comparing the r sults obtained by the different methods of intensity estimation 


(Tables 1—2), it may be seen that intensity values give | ased on Av* 4 


the apparent quarter band width) and by A,, (the mean sas ANG 


allow the same empirical! issification of the quinolones as the more accurate values 


given by the method o rments (A.) {,.. iS not quite so satisfactory in this respect. 


The results agree suggestion of Cabana and Sandorfy’ that, for symmetrical 
bands, A is a more useful approximation of the intensity than A, 
1/4 i 


i relevant to the structures 


The structures of some ol nolones examined are 
of different alkaloids. The carbony! intensities of ethyl dictamnate (1X) (53-7 units), 


derived from the alkaloid dictamnine (XXIV), and of 2-phenyl-4-quinolone (8-9 units) 


and |-methyl-2-phenyl-4-quinolone* (16°6 ts lerived from the alkaloid 4- 


methoxy-2 phenyiquinoline,™ ; in accord respective structures 


Hvydrogenolysis of many furoquinoline alka is gives rise to a 3-ethyl-4-methoxy- 
2-quinolone that diazo- 
methane effects responding 
4-hvdri AY 2 qui uit bone itt se | | } roducts 


iS estadlisnc 


included in 


alkaloids of established st ti lictal fagarine ind evolitrine 


respectively he high carbonyl intensiti three quinolones 


(47-7—59-2 units) reaflirms 
if the alkal maculosidine. however, has not been established 


Ihe structure 


iwement O 


rigorously, and the linear ; f its ring system rests on the properties of the 


hydrogenolysis product, assigned the structure XXVII on spectral grounds (4,4, 
280 mu, yv,... (in Nujol) 1646cm™'). Compound no. 32, synthesized during the 


Ti 


*H. W. TI 13, 23 


to 1 2- rather than the 4- position. Seven 3-ethyl-4-methoxy-2-quinolones are 
wus Table 1. three of which (compounds nos. 27-29) correspond to the 
© (1958) 
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4-Chloro-3-ethyl-2-quinolones (comp 


pounds nos 20-23 
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3) were prepared conveniently in 50-60% 
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: identical (m.p., mixed m.p. and infra-red spectrum) with a sample prepared as above 
: 3-ethyl-2-quinolone (VII). M.p.222-225° (aqueous alcohol). (Found: C, 63-6; 
49. C..H.ONCI 1 C. 636: H.49 
4-Chioro-3-ethyl-* methoxy-2-quinolone (VI1, 5:8-diMeO). M.p.201-204° (alcohol). 
58-1: H, 5-0. C,,H,,O,NCI requires: C, 58-3; H, 5 
: 4-Chloro-3- 8-methoxvcarbonyl-2-quir ne (VII, 8-MeO,C). M.p. 142-142-5° (aqueous 
alcoho 8-9: H, 4-2. C,,H,.O,NC s: C, 58-8: H, 4+ 
- 2 nolor VII. 8-MeO M.p. 206-208" (alcohol (Found: C, 
a 60-6: H. 52. re C. 60 H. 5-1 
+:8-din gid Vill MeO M.p.116-118° Cight petroleum, b 
(Fo C, 67:1: H, 64. C,,H,,0O,N require C, 6f H, 6°5 || 
3-/ +:7-dimethoxy-2-qu ne (VIII, 7-MeO). M.p. 152-5-154° (benzene-light 
(Fou 67-4: H. 63. C,,H,.O.N rec es: 6-9: H, 
Ethyl-4:6-dimet -quinolone (Vill, 6-MeO). M.p. 167-169° (benzenelight 
(Fo H, ¢ N, 1 C, 66°9: H, 65: N, 
petrol C, 64-0; H, 64. C,,H,,0O,N C, 63-9; H, 
meth me (Vill MeQ) M.p. 130-13 (light petroleum, b p 
60-80 C. 64-0: H., ¢ N ( 639: H N. §-3%) 
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3-Ethyl-4:7-dimeti |-methyl-2-qu e MeO). B.p. 160-180" (bath temp.)/0-1 mm, 
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:8-Dimethoxy-2-methyl-4-quinolone (XVM, 5:8-diMeO). M.p. 216-217° (dimethylformamide.) 
(Found: C. 65-9: H, N, 66. C,.H,O,N 1 C. 65-7: H.60: N. 64%) 
3- Ethox ycarbonyl-8-phenyl-4-quinolone (X1X, 8-P M.p. 245-248" (pyridine-alcohol). (Found: 
C, 73-7: H, 5-0; N, 5:1. C,,H,,O,N requires: C, 73:7; H, 5:2; N, 48°) 
3-Carboxy-5 :8-dimethoxy-4-quinolone (XX, 5:8-diMeO). M.p. 270-271° (acetone). 
C, 57-5: H, 4-6; N, 5:5. C,.H,,O,N requires: C, 57-8; H, 4:5; N, 
8-Phenyl-4-quinolone (XVI, 8-Ph). M.p. 203-5—204-5 aqueous alcohol). (Found: C, Hi 
H, 4:8: N. Calc. for C,,H,,ON: C, 81:4; H, 5-0 N, 63 
1-Ethyl-malondi-o-ar lide M.p. 152-154 (alco Found: C. 67:1: H, 66: N, 8-1. 
requires: C, 66°7; H, N, 82%) 
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Abstract 


I bee cessfully applied t ere properties of various saturated 


pos 


INTRODUCTION 


IN dealing with problems of physical chemistry it is advantageous to consider the 


molecule as a system of interacting atoms. The ipproximate addi ivity of molecular 
properties, the low interdependence of valence a es and bonds during the vibration 
of the molecule as well as many other arguments pe its the separation of the inner 
potential molecular energy into three parts: the bond energy, the interaction energy 
of non-bonded atoms and the energy of deviation of angles from their ideal value. 
The energy of atomic interaction w n tl ecule must therefore involve the sum 


must be taken as the sum 


As to the molecular interaction energy (for a substance in a condensed state) it 


must be estimated as the overall interaction energy of all atomic pairs of different 


Translated by A. L. Pumpiansky, Moscow 
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molecules. We shall henceforth assume no difference between the interaction curves 


of non-bonded ‘neutral’ atoms belonging to the same or different molecules. 
For this theory to be applicable to various problems of reactivity, kinetics, ad- 


sorption, thermal chemistry, and others. it is necessary to have data for the curves of 


interaction energy of non-bonded atoms. 
The most precise X-ray studies of the electronic density distribution in crystals 


show that within the precision of 0-1 to 0-2 electrons, the electronic density of chemi- 


cally bonded atoms can be represented by a spherically symmetric function. This can 


be considered as some justification for regarding a molecule as a system of interacting 


atoms. 
If the atoms of the molecule are electrically charged then the expression of the 


energy should also include the electrostatic interactions Mostly, however, the electric 


interactions are of no importance. rhus, for example, in the interaction energy of 


molecules in a crystal the dipole interaction does not exceed a few per cent. As the 


electric potential varies slowly it will not play any important part in the study of 


conformation. There is also a large class of molecules whose atomic charges are 


practically equal to zero We are essentially concerned with the interaction curve of 


‘neutral’ non-bonded atoms 


In terms of the well known theoretical derivation of the interaction energies at 


creat distances the interaction energy may be written as Ar” Br or Ar” 
B exp these expressions being often used for various calculations. 


The interaction energy of non-bonded atoms affects a large number of different 


phenomena Its magnitude determines partly the heat of combustion, it is essentially 


responsible for the stereochemical configuration ol the molecules. its magnitude fully 


accounts for the intermolecular interaction which defines the values of heats of 
sublimation and adsorption equilibrium distances in ¢ rystals, etc 

In organic chemistry different combinations of few atoms give ise to very many 
compounds Phe question 1s Wi ether there are universal constants A, B, p, that can 


be used to account for the interaction o! ‘neutral’ atoms independent of the molecules 


to which they belong 


We found that with some reduced coordinates one can propose a universal curve 


involving the interaction ¢ CC. H. and C. H that holds true both for 


saturated and unsaturated | 


hydrocarbons 


7 THE UNIVERSAL INTERACTION Cl RVE OF CARBON AND 


HYDROGEN ATOMS 


The experimentally best known parameters Ol the interaction curves are the 


intermolecular distances in the crystal These undoubtedly hold (at least with an 
accuracy of 5 per cent) for all hvdrocarbons and in general for all organic substances 
independent of their chemical nature. Taking into consideration that on entering the 
crystal the molecules are being slightly ‘pressed’, we shall assume the equilibrium 
distances of ‘isolated’ atoms to be C... . ¢ +8 ALC H315AandH...H2-6A. 


These figures indicate the equilibrium intermolecular distances In crystal a 


36 A and H...H 2°35A, that is, to mean experimental values. ! 


Chem 


j 
1 1. Kitavygorodsky, Organic Crystal @immistry. Moscow (1955). 


4. 1. KITrAYGORODSKY 


Let us denote by z the relation of the distance between the atoms to their 
equilibrium aistance and rewrite the expression ol 6-exp potential ; B exp 
into P 


contraction met with in 


bonded to the same atom 


, parametet B is excluded, as 


232 
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where is the energy value at r, (aro is a typical 
organic molecule iliphatic chains carbon 
ait. ah u 
1 6 
1.4 
Parameter of | (11-4 
6A 
usually, in terms of the equilibrium condition B é 
The above transformation substantially facilitates the search for unknown param- 
eters and makes the probie! ich clearer. It is seen that V/1 s the function ol 
only one parameter. The second parameter can be easily picked Out as a scale value 
It is self evident that | the value of the order of a few kcal/mole. It 1s rather 
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important that a reasonable range of values for « is also self evident. Indeed, cal- 
culating V/V,,, for z | it is at once obvious that the interaction energy values at 
equilibrium (mainly determining the sublimation heat) will be reasonable only for «, 
that are within the 11 to 18 range. Thus the advantage of the new form of 6-exp. 


f possible two paramete 


potential lies in the small scattering o 
one r, has already been introduced into the 

As is seen from Fig. 1, the curve V/V), 1s fixed in point z , and its minimum 
abscissa is constant (at : 1). As the value of ,« in the minimum is very small 


actually the curve is fixed 


in two points so tl the variati of « 1s of no special 
importance, the curve being hardh ble pare ter x. This is quite distinctly 
seen from the pattern 
rhe parameters « and 1ydrocar\ were cl to meet in the best 
way the existing mar ) 
It is of interest that the v : % an ' r all interactions seem to be very 
“ach other. At this initial stage of the! tigation we believe it possible to 


» of the universal 


In Fig 
of the formula 


2-6 kcal/mole 


make us expression (in reduced coordinates) as follows: 

0-04 
3-5 | 8-6. 10°. e187) (1) 
The choice of « 13 determines the values of two coefficients given in brackets. 
The value for V, 3-5 kcal/mol chosen independently 
: The constants A, B and a for ¢ 4 H, and H H interactions are 
AA 
\ \ B pA 
H H $3 ( 
Thi sin respect pre us k a idavanced a steptor ira Prev 
\, 
we suggested a universal expression |} | } 
[he present invest on indicates the po ty of applying the univer rve 
; The previous expressior is In good agreement with the expression used in this 
( 
WOTK 
MOLECULAR INTERACTIONS 
Our future communicator vill deal with t precis 1 Ol e formula icidation ; 
of the limits of its ann } mad t r( ir eX rot ratoms 
Here we are concerned with the main 1 ; 1€ inifold applicati the 
proposed potential 
nlotted the energy of the crysta e methane lattice calculated in terms 
(1). The values shown correspond to those obtained experimentally 
RE the lattice constant (5-8 A) and the lattice energy (the experimental 
: 
A. I. Kitaygorodsky, Tetrahedron 9, 183 (1960 
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sublimation heat is equal to 2-6 kcal mole). The asym- 


of the lattice parameter with 


lecular ntres form a regular 


ndom toward the crystallographic 


1olecules and mole- 


that of the crystal. 


anging lattice 


ole, respec- 
e allowing for 
of cyclohexane 
irest order 
the mole- 


ded posilions 


gy (decrease in 


tedious. We have 


a molecule with its 


ordination sphere. This resulted in 


RSS In press 


2M 
m the 
ch inging tempe! ature | e energy of methane ina 
state. or such a state of the substance when th 
axes e same up 2 kei 
The calculated enet isicrystalline aggregation of 
cules arranged in the nearest order does not markedly differ from [a 
| 
| 
5-4 é 5-6 é 6-2 6-4 
‘ This ilready seen from the fact that it changes very little with chi 
The e i ilues of the lattice energy were calculated for other substances 
is W Thus, tor the gas-cryst e Stat cycilopentane the calculation resulted in 
’ eal walne 
rather tha Ad Dtained I expewril ntal value ol the 
il It noted il TO! is-Crysta ne cyclohexane the cal ulated 
ind expel enta ire Aca cgitierel being 3 and KC 
ce terpreicd asto vs. The calculation wasn 
1s ent y different ts | ‘ ohere. The availability ol 
exclu ul of ne bours W the largest diamet 
cules Ovecriay I resi ith the calculation of “overcrow 
leads of course to 1 e in repulsion and hence, to the rise in energy Zi 
absolute valuc 
The calculat of the energy in the benzene lattice is rather [i 
calculated*® the cont ition to the energy of the interaction (#2 
6°5 kcal/mole 
A. 1. Kitaygorodsky and K. V. Myrskaya 
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On the basis of less cumbersome calculations carried out for gas-crystalline 
substances we found that the contribution to the energy of the first co-ordination 


sphere is 85-90 percent. As the experimental value of the energy for the benzene 


lattice is 9-10 kcal/mole, the calculated and experimental values are seen to be in 
excellent agreement 

Our curve of the energy for atom interaction practically coincides with that of 
carbon atom interaction found by Crowell* 


when analysing the properties of graphite. 


Our curve also points to the observed decrease in the distances between the aromatic 


molecules when the latter increase in siz [he investigation of the properties of 
lattices of organic crystals is the main means of obtaining the interaction curve of 
neutral atoms more precisely 

Besides estimating the energy and the equilibrium distance, interaction curves can 
also be used to obtain compressibility v: The calculation of mpressibility for 


methane resulted in 0-16 kcal/mole against the experimental value 0-18. 


INTRAMOLECULAR INTERACTIONS 


in energy of the molecule 


it is necessary to obtain tl e ticit ficient of the ideal angle C of the molecule. 


It is possible to choose the ue C for the carbon atom by making use of the data 


for the optical force constant. By definition ; ; , Where %» 1s the equilib- 


rium value, a W is the el nergy h leal angle plus the intera 
of non-bonded atoms alculate the values C corresponding to vi 


must know the shape 


or our potential 
leads to the fis kcal/mole 9 kcal/mole, in full accord with 


int 


optica aa 


Using value we have calculated the values of the strain energy as well as 


the optim: formations for a number of hydrocarbon molecul 


e le experimental! 
and theoretical d 

The conformatio a are | agreement with t » of our previous work. 
A new approach allowed { ‘timate in addit the magnitu the strain 
energy 

As will be sex 
from the repulsion of the non-bonded 
angle from its tetrahedral value Thu ven \ 2 kcal/mole 
whereas the stra! nergy per one CH, group ts 21 kcal/m f course should 
be considered as resulting from a different, and presum: more rrect, definition 
of strain energy. In classical works strain eners eferred as the strain energy in 

> 


of that of alkanes. This excess strain ¢ nt for by 3 by the 


To evaluate the str: 
+2 Ca,* 
tion energy 
ues of y one 
ee of the interaction curve since 
= ( V(r) = 
Ox" C4 
: 4A. D. Crowell, J. Chem. Ph 29, 446 (1958) “ 
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THE ELECTRONIC STRUCTURE OF SOME HETEROATOM 
CONJUGATED COMPOUNDS 


Abstract. Vi 


INTRODUCTION 


en a WE: 1961, Vol. 14, py 45. Pergamon Press Lid. Printed in Northern Irelar 
: A. J. OWR 
Explosives R i M tr fA 
W \ 
clic 
conjugated ¢ P hich 
simp r-orbital method has been shown by Ore to } ns 
ol pre if ict \ yal d 
heteroc compou N ing toly mete for the 
predicted and e) nta wile nt f D for rano 
pounds from pyrid ) Xa In all but o1 tex pounds 
the eso 10nkK SVdI ev licted reater 
than the experimenta More 1 tly, D hown that the a racy of ; 
the method is not imp! 1ovu j ) lap tev é 
The study reported vas undertak« tha to extending t rrelation to 
tetrazole and its det ind to teroato! [ lic « nd As will 
PARAMETERS 
eter 
( N N 2 
©) CN) CO ie. 
(NN d (ONO 2 
These Vaiues are very U ind were pre ce tnose 
, proposed Br n ef ce c vork | rily concerned wit pole moments and 
1 consequently their parameter ive not been proven for S property 
L.—E.O T. L. Cot W. Dick iL. E. Su Far 47, 11 195] 
D. W. D Trans. 51, 449 
Br iAP Trap Farad 53. 39 $7) 
*R. D. Brown and M. L. Hefl Trans. Far . 54, 757 (1958) 


moment 
bond 


were 


Fic. | ita li ms ti yn each atom, and the mobile 


bond order for eac ure studies. Comparison ol the 


theoretical and experimental bond lengths” in these compounds is given underneath 
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ul h be 1s rr r hes pentagons bond moments 
H 04D; N H 3D; N 045 ¢ Oo 08 D 
N—O=+05D 
RESULTS 
The results are en in Tables 3 and Figs. | and . 
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a | gel rwitht ton rey and, ll St Cases, Ine reso- 
s, Dul a roug oO 
K 
‘> 
D 
‘4 
4 14 5.238 
) 
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the diagram of each molecule, the theoretical bond lengths being interpolated from 


graphs of single, double and triple covalent bond lengths® against mobile bond order. 


Although there is some doubt in defining pure ¢ N double bonds, bond lengths are 
relatively insensitive to changes in parameters and Coulson’ has pointed out that the 
simplest molecular orbital method gives results which are as reliable as those given 
by the more refined treatments. Comparison of the predicted and observed dipole 
moments of the non-cyclic compounds Is given in Table 2. Unless otherwise stated, 
the observed dipole moments have been taken from Wesson’s compilation.” 


Fig. 2? and Table 3 contain similar results for the cyclic compounds. 


TABLE 2. PREDICTED AND EXPERIMENTAL DIPOLE MOMENTS OF SOME HETEROATOM CONJI 


DISCUSSION 


The discussion can be conveniently divided into two parts, the first dealing with the 


non-cCychic compounds 


Non-¢ le Cuies 
mental bond lengths (F1 


?) is good. In general. it is within 0-02 A for bond 


Acreement between 
dipole moments ( Table 
ns 


0-2 D for dipole moments 


comment, namely 


Azide 
Although the theoretical bond lengths agree well with the experimental val 


predicted dipole moment is too small. Bonnemay and Daudel” have 


CATED 
COMPOUNDS 
M ent Moment Tot moment Total moment . 
Compound 
. calculated predicted predicted observed 
Alkyl ¢ des } 0-84 3-7 3.4 
Ald Keto! 1.9 2-9 
Alkyl amide 3-6 1-4 3-7 3.5 
f 74 76 
Ure 4-3 1-7 1-4 1-6 
Alky izides 0-80 1-6 
; 72 
D ymethane 1-2 0-85 1-6 1-4 4 
Nitromet 1-4 2.4 
Nitroguanidine imino 11-2 1-8 8-3 
31.4 14 f 9° 
2 70 
7 an Oo 15-3 1-7 
»0 S4 23 
Dicyandiamide imino 1-2 1-5 )-8 
1) f 34 
if be 10) f } 
f 1) 
Po and the second with the cycthic ones. 
g. |) and 
lengths and 
ich merit special 
EE azides, oxamide, nitroguanidine and dicyandiamide. 
Vail 
*"G. W. Wheland, Kes ( \ 1955 
, *C, A. Coulson, Theor Organic Chemistry p. 54. Chemical Society Kekulé Symposium, Butterworths, 
Londo 
: = L. G. Wesson, Tables of Electr Dipole Momen Technology Press, Massachusetts Institute of Tech 
nology (1948) 
* A Bonnemay and R. Daudel, C.R. Acad. Sci., Paris 230, 2300 (1950) 
ay 
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TABLE 3. PREDICTED AND EXPERIMENTAL DIPOLE MOMENTS IN SOME HETEROCYCLIC CONJUGATED 
COMPOUNDS 


Compound 


moment 


served 


more 


; 
compiete 


no 


ies, the total 
predicted moment of | 4 ' 
of 1-6 D found in 


value 
Oxamide 


The bond len 


dithiooxamide,** oxalic acid examined 
Ith 


‘ : a pure single bond. 3 
e - I 


consistent 


C carbon 


PTOUDS (alac lor 


the central 


x 
Moment Moment Total moment lotal 
calculated predicted preaicted ill 
4 Tetrazole (1)* 1-7 
34 43 50 
5-] 
(2)* 2:4 0:77 215 
1-Ethyltetrazole 1-7 1-4 +4 5°5 
1 .5-Dimethyltetrazole 54 ( 34 ( 5-3 
2-Ethyltetrazole 2-4 2:7 
. 4) 134 64 118 
1-Etl S-ethylamu 5-6 
tetrazol 42 44° | 
4 
S-0 
7 S-Aminotetrazole (1)* 19 5-4 5-7 
> 
thyl-§ methvlamino ( ; wv, 2°55 
1-3-D yl-5-iminotetra le 10-1 uy 4-0 
1-4-Dimethy!-5-iminotetrazole 4-5 1-7 1-7 
Pvr 20 ).2 1-6 1-8 
Pyr e 2-3 2:3 2:2 
Ay € 0-9 1-2 1-7 1-6 
that a reat ment leads to accurately predicted bond lengths. and usima 
ME ths in oxamide™" and other compounds of this general type, i.e. | 
: atoms GE with trigonal nyodridisation, com] te delocalization Over the entire 
o bond structure (other than X—H bond expects and calculations 
suggest that the carbon-carbon distan yul ortened by 0-05 A. Poor agree- 
ment 1S also ( btaine 1 for the carbon nitro I Ona considerably iorter 
than the predicted value. If ced by 
hydrogen (givoxal), methy! 
E.M.A tand J. R. C. Dub icta t. 7. $88 (1954 
( { cy 6. 429 (195 
B. | P. Markey ar 7 a itley, A Cr 7. 140 (1 j 
eK. G. ¢ M.W.D ( A. Jef 4854 (1952 
iD. R. Day and J. J. Blum, Nature, Lond. 173, 99 1954) icta Crvst. 8, 129 (1955) 
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carbon—carbon bond dista 


experiment and theory 1 


bond distances in th more 
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sin rep Isive forces 
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1). Simul 


nce is shortened by about 0-07 A and agreement between 


irly the corresponding carbon—carbon 


complicated molecules dimethyl glyoxime, furoic acid, 
1 isatin lies between 1-44 A and 1-49 A. At first sight it 
enomenon is caused by the repulsion of the adjacent 
rons on th rb toms in oxamide. This is unlikely 
1 be en greatet cules of the glyoxal type where 
$3 electrons. Obviously important intramolecular forces 
eteroatoms imide tvpe of molecules which are 
Ye and ( e not been included in the simple 
These forces p e hydrogen bonds, but the 
na sid e SCONE e present papel 
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is Ric ras and Y orke 
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4 | na 1} a 
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| ’ t t between the predicted and 
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experimental dipole moment shows that the chosen parameters are also valid for 
aromatic compounds containing an amino group attached to the ring structure. 

In view of the good agreement between theory and experiment obtained both in 


Orgel’s work and the present results, it was surprising to find that the predicted dipole 


moments of tetrazole or its derivatives, in general did not agree with the experimentally 


measured moments.”’-! Even in those cases in which agreement appears to be good, 


ie. tetrazole-1(H), 5-aminotetrazole-1(H) and 1,4-dimethyl 5-aminotetrazole, it 1s 


PYRIDINE 


as /* aa/ asf 
R sf >». 4% £64 
| | 
1. 5— DI-ALKYL- 2.5 -Di-ALKYL- |-ALKYL- 5 AMINO 
TETRAZOLE TETRAZOLE TETRAZOLE 
a 
‘ 
\ | \ «6 \ 
N 1-28 N-36 N 34 
R- 
2-ALKYL- 5 AMINO |3- DI-ALKYL-S IMINO |,4-DI-ALKYL -5 IMINO 
TETRAZOLE TETRAZOLE TETRAZOLE ? 
63 
/ \ | | 
NR? 
PYRROLE 
ANILI? 
helieved that the agreement is fortuitous. In tetrazole and 5 aminotetrazole both . 
tautomerism and : wen honding is pn rc Problems arising 1n this way are 
moments of lI-ct ind 2-ethvl-tetrazole are 4-4 D and 1-8 D respectively and bear 
little resemblance to t exp entally measured values of 5-5 Dand 2-7 D respectively 
by 0-4 D in eac ise, whereas the observed nt is 0-4 D er than the value for 
l-etl vitetrazo | e ental values tetrazole and 5-aminotetrazole were 
measured in dioxan ind the results of the present calculations suggest that these 
M.H.K F. M. Ernst iW. S. 78, 4 195¢ 
K. A. Jens« A. | Kel. D Vid Math-fvs M 20. No. 20. 1 (1943 
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CONCLUSIONS 
The simple n ilar orbital theorv leads to results which correctly predict the 
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FRACTIONATION of the hexane extract of Turkish tobacco has [7 . 
labdar ic acid 
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The infrared spectra (Figs 1 and 2) of « 
C.,,H.,O.. were very similar, suggesting th 
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Turkish tobacco 


RC(CH,)--CHC=O, then was apparent. The mass spectrum of «-levantenolide 
showed a parent mass of 318. Quantitative hydrogenation of the lactones gave 
equivalent weight values of 315, 309 and 277, indicating the presence of only one 


double bond 
The close relationship of z- -levantenolides was shown in several ways. 
Reduction of either lactone with lithium aluminum hydride gave the same triol, 
m.p 145-146 Reaction of either lactone with hydrazine provided the same pyrida- 
zone derivative (II1), m.p. 212-213 il > followed by 
lactonization of the resultant acid gave predominantly x-levantenolide. Thus, any 


reaction which 1n n product 
ions of the carbon 


atoms to which the ttache is facile in hange can occur only 
if the third oxygen atom is also at ( onfiguration: 
i.e. #- and -ieVva I nel hemi-acetal 
This conclusion 1s a pyridazone upon reaction of the 
lactones with hyd 

Ozonization o oxidative hydrolysis of the ozonide 


with aqueous hydri 


lactone (IV) and oxalic 


acid. The degradati ‘d a fragment of known constitution 
containing sixteen he twenty carbon atoms. Oxalic acid provided the terminal 
carbon atoms which must include the lactone carbonyl group and one of the doubly- 
bound carbon atoms. The ozonolysis product has, therefore, undergone secondary 
cleavage. This is explained when it is understood that the ozonolysis product is an 


4-diketone which in turn is readily cleaved with hydrogen peroxide’ or with ozone. 


of x-levantenolide was repeated 


lithium aluminum hydride to give the diol (V), 32°. and the triol (VI). m.p 


Ozonization ozonide was reduced with 


M. Stoll and M. H 1. 36, 1995 (1953). 
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159-5—160°5 Oxidation of the triol (VI) with lead tetraacetate gave acelaidenyde, 
lactone (I1). Therefore, the structures | and Il are proposed y- and f-levantenolides 


Turkish tobacco 


EXPERIMENTAI 


All melting points were determined using a Fisher-Johns melting point apparatus and are 


uncorrected Elemental analyses were performed by the Huffman Microanalytical Laboratories, 


Wheatridge, Colorado. Active hydrogen analyses were performed in this laboratory by tritium 


exchange 


Extraction of Turkish tobacco 


One thousand pounds of aged, sun-cured Tu ‘ £ Th igoslavia, were ground in 
a hammer | to pass a } in. screen. The tobacco wa gitated and refluxed fo hr v 900 
gallons of hexane, then gallon wel red © exane il ;) was added, 
then the mixture was ag 
Hexane (445 gallons) was ¢ 
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5-8 ke of solids, and extracte 
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C, 75°43 9-58 Mol. wt. 318 
Hydrogenation of «-levantenolide 
Hydrogenation of 794mg of levante ck et Pd-( 8-2 ot 
nvydarogen at 25 ind 741 mm of H A sec 
value of 1-03 double bo I of the . C prod Rex ( 
from hexane gave «-/evanta e. m.p. 144-14 C, 74:72: H, 10 Vio ASS 
spectrometer) C.,,H,.0, requires: C, 74°96; H, 10-01 Mi t. 320 
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Ozonolysis Of aure othin isoaureothis , and the ir derivative g! 


As was previously mentioned, the sartial structure (A) for aureothin (1) and tso- 
} 
i by the production of p-nitro-x-methylcinnamal- 


aureothin was demonstratec 
dehvde by ozonolysis. In order to identify the other structural units, ozonolyses ot 
lerivatives were undertaken. The amino derivatives were converted to the 


acetates or benzoates prior to OZONOTYSIS 


Formaldehyde is produced from aureothin (1) and tsoaureothin (111) but not from 
the tetrahydro derivatives suc 1s N-acetyl tetrahydroaureothamine, N-benzoyl 
tetrahvdroaureothamine, and the correspondin so-derivatives. The formaldehyde 
does not originat ermil etny ul ing the number of ¢ CH 
el stant belore ind alte atalvtic reduction, and since infra-red 
bands characterist t thvien¢ and gem-dimethyl group were 
Acc \ if iT i that the rt ‘ 7 ris nated trot the abnormal! 

positi f the allylic double bond 1s 
naK d not produced Ire he tetrahydro 
a part tructul av be expanded to the following 

() el ( ‘ 2 iv< it Cal 
OXY IX yhenac ster, C,,H 
COOCH,COC,H,B p. 145-14¢ nf i bands of the carboxyl group of 
1X were at )3 ) eric nectively. in chiorotorm) 

( {) 
‘ 

CH.CH.CH.CH O—CH.COOH 

(HCOOH 

CH.CH.CH—COOH 

O—~CH.CH 
ri fi 
H CH COO! 
N -Be 1X 2 
\ x 2 
H.N kK. O KI ( 79 79 
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The structure of aureothin, a nitro compound obtained from Streptomyces thioluteus 


This high frequency suggested the preseence of an alpha-located electron attracting 


group, hence in the present case that of an ethereal function. This was confirmed by 


comparisons of infra-red spectra of several model compounds, as is shown in Table 3. 
The same behaviour of their p-bromophenacy! esters'* also support the «-alkoxy acid 
structure. Taking into account the partial structure (C) and the fact that the acid (1X) 


possesses one C—-CH, group, the above consideration leads to the following structure: 


4 


The infra-red band of 1110 cm~'! is consistent with the presence of a tetrahydrofuran 
ring. This proves that, as previously mentioned, the doubl ids reduced by the 
catalytic hydrogenation are those conjugated 

Furthermore since, the carboxylic acid 1s produced in rly good yields only by 
ozonolysis, it 1s inferred that an enol ether linkage is present: thu he structure of 


aureothin may be formulated as follows 


This structural unit 


obtained by the ozon 


Hydrogen peroxide oxidat 

Oxidation of aureothin (1) and isoaureothin ( \ ilkalu ydrogen peroxide 
gave aureothinic acid (X), ¢ p 17—14 he ultra-violet absorption 
maximum of 249 mu (log 4) and 345 mu (los 4°, owed that the partial 
structure (A) remaine 
group were al 721 cm (mon 
form) or 1716 cm“! (in KBr disk.) The 
bands at 1758 and 1743 cm itn the ester carbonyl region in Ca 1 tetrachloride 
solution. As in the case of the acid (1X), these spectroscopic propert ggested the 


presence of an z-ether linkage The acid (X) contains y a single , group 


and is optically active; this leads to the follow! 


CH, 
SONH CH CH CH CH— CH 
0 
4 
NO CH==C—-CH H 
| 
is also common ireothin since 1 ime acid (1X) is 
ozonolysis of N-benzoyl tetrahydroisoaureothami p. 165-166 
NO CH==C-——CH 
H_C CH COOH 
x 
: H. Nakata, S. Matsuo d Y. Hirata, B | 
| Y. Hirata. H. Nakata and K. Yamada, J. Chem. S j n 79. 390 (1958 
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Ozonolysis of the acid gave p-nitro- x-methylcinnamaldehyde, formaldehyde, and 
malic acid (identified as its p-bromophenacy| ester) 


All of the carbon atoms may be 
ind accordingly, the structure (X) is rigorously 
id malic 


accounted lor by these thi lu 


confirmed. The production of f 


acid clearly indicated the 
abnormal ozonolysis of the 


allvlic ether system in (X) 


Pr tort iti proauc 
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structure is based on comparisons of the ultra-violet and the infra-red absorptions of 


| and III with those of several model compounds 


A pyrone structure is suggested from indications of its aromaticity such as resis- 


tance to catalytic hydrogenation and from the subtracted ultra-violet curves (vide 


supra). The results of oxidation with hydrogen peroxide can also be explained 


satisfactorily 


Taking into consideration the electron distribution in the y-pyrone ring, the 


production (Ll) isalso 


explicable 


Quant 


Contirt isoaureotnin Was given 


Known 


p-nitro-%-m¢ 


Ihe ultra 
whic \\ pyrone 
structure. The infra e carbonyl! 


- ~ 
4 4 
H 
H 
NC CH H CH H 
> 
ozonolysis of aureothin and tsoaureothin™ 
by the quantitative ozonization reactions 
Ozonolysis of aureothin (1) witl mole of ozone gave the previously —_—__«», 
-methyicinnamaldehyde and aureonone (XII), C,.H,,O;, m.p. 153-155. 
LN 
168 


OKUHARA and T. Narro 
trong bands at 1666 and [595 cm” are 


ynone (XIII). was also obtained from 1so- 
94 and the infra-red (*° 1764, 1704 


tent nh the x-pyrone structure 


with mineral 


ated the 


onium acetate 
thin (111) led 
ind of Ill 


pyridone 


group ol tetranydrotura ring and two 
cl iracteristK in | min 
sureothin (IIL). 1 Net 
\ tioned n isily demethylated 
ed n (ll Spect nic properties indic 
thylated product.” 
CH 
H 
dia etl thylation of Il undet 
cert il ppre ount of aureotnin 
alt of IL with dimethy 
te | dill | ( sik pr dan additional! 
iT itl 
As ed for p\ nol or of amn 
icetic ac 1), ce rreothin (IL), and isoaut 
ymplic th the ple pyrone- 
rans! prod lesmethylisoaureothin (XIV), 
‘ be 
N 0 
be 
XIV 
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The structure of aureothin 


The ultra-violet and the infra-red absorptions of XIV were in good agreement with 


synthetic pyridone derivatives 
Similar to aureonone (XI) and isoaureonone (XII1), ozonolysis of aza-desmethyl- 


Aureot 


mtr 
co 
UO} 


Aminol H (XVI 


imcrease Of twe 


structure (XVI) 


| 
wa va 


reauctive 


ICOCH 
CH 
UH 
~ 
N 
3 
‘ isoaureothin aceta iza-des thvlisoaureonone acetate (XV), C,,H,;O;N 
m.p 99210 
lhe structure ai Myre nan 
hin (| ind thin (IIL) bot ontain an asyl etric carbon atom and 
re (HB cally a tetral ro « tive 1 ting from catalytic hydrogena 
tion may accord te Besides tetrahydro- 
aureot i ! (Vill i msiacra | cal tead in a 
crystalline sta derivat tartal icid salt 1s 
produced int reol | resu reothin were als 
Reductior Vil yal trahydroturat 
vieided al H (XVI), ¢ H.-O,N since the 
acidic group ould | rivil v1 yal Ar 
N_O-diacetv! det bta tion of XVI ueous 
conditions enc wa dN H | re of 
N_O-diacety H 5 Niniol) 
ugvgested that the iv (pAa ¢ nS {XVI 
group; a p-bromophenat 
) is si yptica n ecular for WS al 
if \ pared W soaureothamine (VII). Thus 
in which aureotl ne indergone a 
1S eivable | TH H 
ia. Y Nak K. | 79, 384 
kK. Y | K. hi. Nab ; 33 I60 
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Alida 


ubstituted 
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OCH, 
5 
KY 
In agreement wit | the derivat iminol H show infra-red 
ibsorpt d 1575 < tributed to 1 py Ihe structure ts also 
consistent wit i ne of Vi py! il oDLaIned Dy the 
Reductior iN () H miniul ydride in 
ateria N-acet\ A (XVIT). p. 
H. H 
NH bd bd 
1/A ] 
pyt XVII. 1 th acetic anhydrid 
CH 
) 
H J 
/ 
Finally masise structural aureothin (1) Ihe 
compound has a nit oup whicl as vet ither rare function in natural products 
Only tew other exa re Known, inciuding phenicol huptagenic 
azomycil ind arist chic acid Moreover, aureothin (1) has the sa 2- 
methoxy pyrone structure All other methylated 2.4-pyronones which have so fat 
M.P L. B 87, 249 4 
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anibine,-” 


been found in nature are 4-methoxy-x-pyrones, such as yangonin,™*~* 


and 5,6-dehydrokavain.”! 


EXPERIMENTAI 
Melting points are uncorrected. Ultraviolet spectra 


otherwise 


ture 


ae. measured in ethanol unless stated 
Ampothin (1) 
Yellow prisms, m.p. 158 (Found: C, 66°85: H, 5-93: N, 3-43. C.,.H..O,N requires: (¢ 
66°49: H, 5-83: N, 3°52 O-CH 7°42 0-95 mole). ¢ CH 9-70 2-57 moles ( 
21-98 °, (2-17 moles) CHCl.) 
CH 
Desmethylisoaureot 
(a) To a hot solu i € n (2 et x0 was added 5 of conc H¢ After 
refluxing for 15 e | The reac coole e crystals 
Cec ic 19¢ 
2458 j j | C. 65-72: H. 5-32: N, 3-70. ¢ H.,.O.N 
rec c C, 65-78: H, 5-52: N, 3-65 ( CH 0-58 2:7 e ( ( 20-24 
CH 
he cet cetic ck til D- 
\ Ce s4 ec | et 248 
4-14 +35 4-93 I CC’, 64 H. 5-4¢ N. 3-42. ( H..O-N 1 re C. 64-93 
H 
/ 
172 CH¢ 4 ) 6-7 H, 5-93 
; N, 3:28. C..H.,O,N rex ( ( 6-4 H, 5-83: N, 3-52 ( CH 2°52 es 
Oxida 
1) To a stirre of IL (0-5 0-5 N aq KOH (30 s adde 
K MnO room temy ren t retaine 
ether Ihe ether ext! 0-1 N NaOH Ne the 
tion with one mole of KMnO ve be ¢ acid es i] 
‘ (b) To 2-9 of La solution of 3-2 KMnoO, (50 adde d the re was 
‘W. Borsche and C. K. Bo ( Ber. 62, 251 2 - 
1. ka 1. k ( 28. 38 $4 
1. ¢ ska, J. Cieslak, K. G ka, B. K k K. Pitak ka, 7 4, 36 (1958 ; 
Cire ik R Cj 32. 837 (1958 } 
J. D. Bu’Lock and H. G. S$ $02 (19 
>W. B. Mors. O. R. Go b C. Die 79, 4507 $7 
E. Zieg d E. Nolke BY, SY1 (195s 
: O. R. Gottlieb and W. B. Mors, J. Org. Che 24, 17 (195 
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stirred for 24 hr at room temp under nitrogen Carbon dioxide was identified as BaCO,. After 
on of MnO, and th ing mi il. the filtrate was treated in the same manner as described 
tne ca trobenzoic acid 


Chromi 


acid Oxidation 
To a solution of I (1:2 g) in glacial acetic acid a solution of chromic acid (150 mg) in glacial . 
acetic acid was added at room temp The mixture was d ted with twice its volume of water, ex- : 
tracte vith chiorotorm ag ine the extract was washed with aqueous sodium carbonate The 
solvent was removed er reduced pressure d the residue was chromatographed on alumina in ‘ 
benzene s 7 Rem of the ent fre the | tion eluted with benzene furnished pale 
ve \ cc cs n.p 108-110 Recrvs ire netnhan crystals of Mm.p 111 113 
which sl ed no m.p. depression etic p-nitro ethylcinnamaldehyde. Elution with 
f benzene—acetone gave the star g mater 1 (300 mg) 
was ug cooled sol m of Ve ol aureotu 15 mi of chlorotorm 
yellow cok 2 The solvent was re ed ler reduced pressure, 
5 { water was dec o the o de. and CQO,-free air was DuDdDied th ; the xture eee 
Kep 60 for ab« hi \ re vely ge card hoxide bsorbded Dy 
sepal mn furthe conce » the for ichyvde and methyl pyruvate, see the heading 
res c Recry iro eu Con ess necdics ndepressead on 
wil ine tnentic sa pie Of p-nitro metnvic namaidenyde 
Proy dgenvade 22¢ n as added of p-nitrober ildehyde (5-5 2) SO 
et 220 ind to this there wa Gropwise stirt in aqueous solution ol 
sod ydroxide (0-4 g 10 | of water) at room temp After 30 n with occas il shaking 
tine pres ited crysi e product n.p 107-109 Vield bout 5 g) was collected Recryst atior 
from absolute alcohol raised the melting point to 112-114 297 my (log © 4°30), (Found: ¢ 
63-17: H. 4-91: N, $57. C,,H,O,N requires: C, 62°82; H, 4-75; N, 7°33",) 
Reduct f au / with Fe(OH) 
A hk ‘ ‘ of 2-0 2 of aureot 150 ml of alcohol was poured to a hot mixture of 20 g 
of FeSO H.O, 150 of water and 150 mi of conc aqueous amme 1, and the mixture was heated 
inde eflun ¢ reactio xture was left to cool at ad 40. and then extracted four umes with 
SO ethe The ethereal extract was dried over K,CO, for a short time and concentrated uncer 
‘ reduce re re rIVE y colourless crystals of V (1 r) m.p. 128-129. Recrysta ition from 
t to 130-131, C—CH 0-2 2-5 moles) 241 my (log ¢ 4:24), 
4-4] d: C. 72-11: H, N, 391. ¢ H.,,O,N requires: C, 71-91 H, 6°36 
N28 
Ac of e usual wav gave an N-ace?) ative, 166-168 Treatment with 
pheny ar vic de under reflux pyridine, gave vellow crystals, m.p 227-229 
Reduc desmeti aureothin witt Fe(OH) 
Te hot mixture of FeSO,-7H.O (15 g), water (80 ml) and conc aqueous ammonia (50 mi) 
a ho f desm« soaureot! ide ethanol (100 ml) was added. The black ferric 
precipitate was ere he filtrate was acidified (pH, 4:5) with H¢ ind thus desmethyiisoaureo- 
nam Vi vas OO! ihe form its He salt saw precipitate 10 me 
The ce let c VI was obtained Dy the direct acetyial of the HCI salt of desmethyliso 
iureo cw wridine and acetic hydride under reflux Recrysta ition Trom dioxane gave 
crvs of m.p. 214-215 101-5 mu (log 4°62). (Found: C, 68-41; H,@31; +46. C,.H,-O,N 
requires: 68-63 H. 22 N. 3.20 ) 


ve struc © 4 aureol tro cx unc « 
< tul if i ) ) y t ta om reptomyces thioit ¢ 
- 


Reduction of isoaureothin with Fe(OH) 


A hot solution of HI (4 g) in alcohol (200 ml) $ poure { 1 hot mixture ol FeSO, 7H,O 
(50 g), water 200 n i conc aque ss ammonia (15 wit etirr ° and the mixture w is refluxed ‘ 
; for 20 m After coo o ti hout 40°. the react xture s extracted three 1 es WV 150 mi 
: ether. Upon removal of the solvent fron s ether extract er reduced pressure e crvstals 
3-5 g) of au tha Vil) were obt ed ch were recrys ed et n.p. 134-13 
142 CHC ws n 4-55 ( 72-0 H. 690: N. 4-13 H..O,N 
requires: C, 71-91: H, 686; N, 38 C—CH ; 2-84 moles), OCH 8-27 : e 
Acet on of VII ) te e N-ace re e 
m.p. 214-215 140 (CH¢ CH,OH i: C, 70-25 H, 6°73: N, 3-97. H,.-O.N 
j requires: C, 70-42; H, 6-65; N, 3-42 
To ‘ of 5 of re 
The ethere t e€ eva- 
p shc¢ Rec ‘ ec cry 27-129 
{ 
e NO ce e ac t \ 
Re 
\ ceric ride (5 s of p eate 
ent e of N.O esme 
Ace e us e es 
ce box. W “te ec 
3-904 Fo ¢ 7 H. 7-90: N, 4:2 ( H..O,N re es: H. 7°83: N 
3-7 ( CH 2-13 3 CH¢ The tet e was 
sed for e preparatior ye te A (m.p. 17 72 eB 7 e residua 
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oily material was used for the preparation of benzoate C (m.p. 190-191") 
to benzoate D (m.p 187-188") on heating at 170 


Benzoate B was changed 


tetrahydroaureothamine (benzoate A) 


tion of 600 mg of VIII in 7 ml of pyridine 300 mg of benzoyl! chloride was added and the 
warmed at was cooled below 0 i ll amount of 
1 into water and the 


iny dilute acid) 


;wrourhly (n 


wat rvctal 
water, ana VStal 


lized twice from 
(log e 4:17), (Found 
OCH 6°53 

N.N-dimet 


271 


ivilaminobenzalde- 


ightly more vigorous conditions 


venzoate B) 


The oily 


tion of the eluted fraction 


of benzoyl! chloride 
ice. On 
ne substance 


needles of N- 


0° (meth- 


red spectrum, 
activity does not 
i gave N-benzovl 
centration of mother 


of oily material 


trahvydrodesmethylisoaureothin 


Ir 
i 


, ra tri vas almost identical 
dD Benzoate E was nz Re- 


ilcohol gave colourless needles 


or u froscopic study 


Table 1 are described he 


-methyicinnamalde- 


acetaldehyde (1 ml) 


red 


N_ 601 


After abou 


S$ Was acidified W th 
solution 


solution was diluted 


N-Benzoy/ 
To sol 
mixture wa 
cr ce 
precipit ited white solid was collected and washed with water (iii ===! FC 
and dilute carbonate and again with 
et! colourless or slight yellow pyr ds, m.p. 171 ey 
( +39: 711: N, 3-05. C..H,,0,N rec es: C, 73°24; H, 7 See 
T he bstance gave eva e test I ror c amino group with p 
nva ni ind wit 1,2 pntinoquin e-4-s | c acid 
W the e Vill subjected to benzoy 
th ose employed in the preparation of benzoate A, the product having m.p. 167-1 (=! 
| eot! } vas suspende 180 ml! of ethanol containing 300 mg of platinum oxide and 
ny ed at at The co of hydrogen ceased alter 
DEC Ke The cat ys eparated Dy itratio ind the colourtess : 
ce reaquced pressure whel y teria vas obtained This oily 
é: p C kep ce box for few weeks but no cryst e substance appeared, 7 
p ther-benzene chromatographed o 1, and concentr, 
iter 10 ml of pyridine was treated with | 
ind key 80° for 201 After cox y the so on, it wa poured onto 2( 
e resulta c Dr \ OUV mater to stand ove ent at roon temp, a 
he xture. Recrystallization from ethanol twice gave white 
} ahyadr umine (600 meg) p. 165-166 280 my (log ¢ 4:27) 
‘ F< ( 13:24: 7-04. require C, 73:24: H, 7-00 
1692 (C—O and amide 1), 1592, 1577, 1525 (sh), 1513 cm™' (KBr). The opt 
me that the compound was racemized nce the ozo ysis of this comy 
in tetranvd reou c cid (LX) which had a Optic mCliVily The co 
cryst e N-benzoy! tetrahvdroisoaureothamine led to a large amount 
the fra-red spectrum of which was identical with that of the crystals 
ataivtic Avdrovenat n of desmethy soaureothin 
Desmethylisoaureothin was hydrog ted and tl r tant (tc 
to those of benzoate B, ¢ 
crystallization from m.p. 157-158 
Synthetic model compounds 
Syntheses of model compounds listed in iT +: 
(a) To a solution of p-nitro-; 
( hyde (1 g, whose synthesis has been described in another part of this paper) and Es 
in ethanol (50 mi), w dded dropwise a 0-5 NaOH ag solution (30 ml) with vigorous stirring at 
room temp over a period ol 20 nig The bright vellow precipitate was ce llected and recrvstall || 
: several times fron col to vield leaflets, m.p. 141-143", (Found: C, 6662: H, 5-10; mm. 
C,.H,,O,N require C, 66°35; H, 5-09; N, 645°.) 
(b) 6-(p-Nit To a chilled solution of p-nitro-x-methylcin- 
nar ehvde cetone wn inder etirr » &n NX OH . dennu sec. 
i 5 ml of 1:3 aq HC! to give a bright vellow 
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with water (60 ml), when a yellow crystalline precipitate appeared; this was recrystallized repeatedly 
from ethanol to give yellow needles (350 mg), m.p. 116-118", (Found: C, 67:72; H, 5-87; N, 6-04. 
C,3;H;;0,;N: requires: C, 67°52; H, 5-67; N, 608%) 

(c) 8-(p-Nitrophenyl)-7-methyl-3,5,7-octatrien-2-one. This was synthesized by condensation of 
5-(p-nitrophenyl)-4-methyl-2,4-pentadien-1-al with acetone under the same conditions as described in 
the case of (a), orange yellow crystal, m.p. 135-137", (Found: C, 70-09; H, 5-95; N, 5-43. C,;H,;;O,;N 
requires: C, 70-02; H, 5-88; N, 5-44%) 

(d) p-Amino-x-methylcinnamaldehyde, A hot solution of 300 mg of p-nitro-x-methylcinnamalde- 
hyde in 15 ml of ethanol was added with stirring to a hot mixture of FeSO,°7H,0O (5 g), water (20 ml) 
and conc aq ammonia (10 ml). After 10 min at 80°, the reaction mixture was extracted with ether 
The ether solution, after drying with K,CO;, was evaporated under reduced pressure and crystals 
were obtained. Recrystallization from ethanol gave orange yellow needles, m.p. 178-180", (Found: 
C. 74:59: H. 6°98: N. 8-80. C,,H ON requires C, 74°51: H, 6°88: N, 8-69°%) 


(e) 6-(p-Aminopheny!)-5-methyl-3 ,5-hexadien-2-one The nitro compound, the synthesis of which 


was described in (b), was treated with FeSO,-7H,O-—ag NH, in the same manner as described in (d), 


133°, (Found: ¢ 51; H, 7-41; N, 7:14. C,;H,;;ON requires: C, 77-58; H, 7-51; 


(f) p-Nitro-a-methylcinnamyl alcohol. A solution of 500 mg of p-nitro-x-methylcinnamaldehyde 


in 20 ml of ethanol was treated with NaBH, (50 mg) in 20 ml of ethanol, an ‘fluxed for 20 min 
After cooling, the solution was utralized (| with dilute HCI, and extracted with ether The 


ether extract was vaporat inder reduced pt ure an orange yellow o remained which 
crystal] 
nitro-ketone 
compound, de ed in (b), in tet ydrofurat ml) 50 ml ¢ , was added and the mixture 
was kept mp for 2 nin ter additior ater (5 ml | yivent was removed 
red-brow whicn pon | ethanol, vellow 
needles appeared (200 mg), n nd 38 ; H,,O,N requires: 
C. 66°93: H, 648: 6 
(h) p-Amino-x-methy amyl / he nitro- n (f) and obtained from 
500 meg of p-nitro-x-methy! maldehyd n ethanol (1 nl) wa ured into the mixture ol 
FeSO,°7H,O (5 g), water (15 ml) and conc aq ammonia (10 ml) a! e resultant mix > was heated 
for 15 mu The m ire was filtered and filtrate was extracted wit! 
concentrated unde ducec give crysta Recrystallization from 
crystals (80 mg) 
This amin 
and then water 
p-acet) ami 
O 7 tion 50 mg the corresponding 
nitro alcohol described in (g) a mixture of FeSO,-7H.O (2 g), water 5 ml) and c ag ammonia 
(10 ml) was added en was nNeated for iv n 
ether extract was evaporated under reduced pressure to give an il ateria TOU mi) was 
added to this oily duct and heated After the insoluble part was removed, tl ligroin solution 
was cooled g - g| vell crystals, wil I po rystallization from groin gave needles 
(40 mg), n und , 7601: H, & 13 ; 6. C,.H,-O N requires 
¢ 


und under the same condition shown in the case of (h) gave N-acefy/ 


dnalysis of 


The determinatior 
the mixture three or fi 
distillates. In the case p-nit mat npound, howe > distillate, obta 


repeated ation re ized product, was still acidic and consum a small 


amount a | This was due to the fact 1 ACICG produced by oxidation, was 


gradually distilled out This was confirmed by an experiment using authentic p-nitrobenzoic acid, 
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| 
J N. 6°96 
Acetylation of this Compo 
derivative, m.p. 123-125 
On distilling 
tirely in the 
fter the 
; 
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consump- 


the Dasis 


the p t re repeat se s, and the amount of alkali 
Ir ec pores < were repeated seve it 
, 
‘ 
} 
by 
N He \ 
4 
‘ 
\ " 
| 
4 \ r< 
\ on 
ef nil 2.4 whenvihvdrazone of ethyl pyruvate 
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79-180°, undepressed by admixture with an authentic sample. Another B 
(5:1). brneht vellow prisms, Mm.p 144-145 if depressed on 


nydrazone < pyruvate 


yellow needles 
was recrystallized on groin—benzene 
£244 


sample of form I of 2,4-d 


initrophenyl 


admixture with an ; tic 


Taste 5. YIELDS OF THE PRODUCTS BY OZONOLYSIS 


CH.OH 


ucoUus 


mixture 


Forn hyde Methyl pyruvate 
Compound 
mole) (equiv. mole) 
othis 0-19 0-01-0-02 
eotl 0-12 { ) 
N-Acet 1ureot trace 
N-A trac 0-2? 
N-Ace H 
N-Ace ) 05 
tract } t er wi k NaHCO 
q th iN ( ix ? » The ethe yer was 
‘ > eutra 
7779 ry 
N-Be yl aminote j wreothinic acid AX 
I he ‘ water and soiud methane nd ethanol 
For the purty ( f free IX iqueous methanol solut of the sodium salt was 
turt After cool f ” her f IX pre This was 
collected and dri R \ vater ive 4‘ 
C, 63:59: H, 543: N, 2-4 Br, 14:20. C,.H,,.O,NBr 1 es: C, 63-83; H, 5-3 N, 2-48 
Br, 14 ( CH CH.OH 
salt. The p-bromophenacy! hac $5144 lepressed b ture e ester of IX 
These compound ere synthesized t s¢ as mode! compo as Ira-red pects The 
details have Deen reported 
q dure id xX) 
To a stirred solution of 2 ¢ of I in 50 ml ethanol, 2 ¢ of KOH in 10 ml ethanol and hydroget 
peroxide (30°,), were added alternately 
The yellow ed brown CXCE KOH solutiot became yellow agair 
on add ot hydrog The ew Kel ) e reac DY 
ad » the ad f e reagents. The id of hydrogen peroxide w C c the 
cI s of | disappeared a white ‘ ce appeares \ d KOH and 
5.6 mi of yarore peroxide (30 were ed | . Exces vater W ed to the reaction 
gums Which became clear. The solution was acidified with 6 N HCl. The acidic qa 
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was shaken 


ether extrac 


sodium bic: 


with conc sodium bicarbonate 


rbonate solutior 
The 


ind 
sodium bic 
CH.OH 


bonate 
al la ri obtained, 


n the 


he 


S4 


irom 


ireoth 


was extracted with ether three times. TT} eee: 
| 
128 l¢ ‘ ( 67-38 H. 6 49 N. 4°75 
\ X in 15 vas cooled to about — 5° and 
> Fy on 
Ul ) tn 7 
B e K R of XI : d the produc tilled. To the 
P 
| 
i I 1(2 ( KOH (2 iter (7 ml) s added 
2 cle \ rb ere 
AT te 2.4 vd is 
of 2.4 phe e. Re fro cohol 
epr ca re c sample of 2.4-d O- 
we vil ‘ AC c 
By same metho ; described above, diethyl ketone was obtained as 
2.4-< trophenvihvdr 


The structure of aureothin, a nitro compound obtained from Streptomyces thioluteus 


Alkaline degradation of desmethylisoaureothin 


[he starting material was recovered, even when somewhat drastic conditions were employed as 


compared with those in the case of aureothin 
Aureonone (X11) 

ton iti m Vas to about 5 ozone Was 
passed tnrougen is lutio till Z as > soivent was 


removed und red i at sulting line mid va iposed 


(a) IL¢1 @) was dissolved ml of hot 2 N NaOH solution wi ution Wa tained 


The crystals which separated o1 ing were collected, was SN 1 small at t old alcohol 


: the separated sol vas tr " th 10-15 I : t 80° five times. The te ble residue ‘ 
: was lv 7 tre ethy liehyde bined s tion Of the ea ishings 
was d ed under reduced p re of 2,4-d phenyl! et rive 57 meg of 
vellow precipitate nic s 2,4 vi irazone ol lehyde by recrystal- 
liz: The rel i the } k © mater | but par cr talline). 
to which was adde i me in ice box gave aureonone (XII) 
as pl The « ed ether et l. Re val of the ent from 
: the filtrate gave \ VE 80 Rec on fi unt of 
60-28; H, 601. C,.H,,O, require C, 60-50; H, 5-92) : 
Isomerization of aureonon 
On heating at 40 containing a HCI, aureonone iS eas erized 
7 This was identified by the c es init et spectrun ‘ 
lsoa reononm (XI111) 
A solution of 0-5 g of sureothin (III) in 1S of chloroform was cooled to —5° ~ —10° and : 
3 OZONE is passed 1 t tn till 1-1 valent unt of ozone ‘ sorbed. By the 
same method as described above, the ozonide ol 1ureot b ed € ecomposed 
ve at 50° with 10 ml of water. After cooling e sep id s treated w 10 of hot water 
all five times rhe ite olub residue cr ed easily and pr ed to be p-nitro-a- 
methylcinnamaldehyde A combine ol e and s! iS le educed 
pressure to solut of 2.4-d phe \ e, to give 15 mg of ye ec ¢ The 
: unvolatile residue \ pale ve In spite of ed purihic yn by \ et crystal- 
lization of this unve € dstance oaureonone) did take place, 294 n 
To a suspension of 870 of Il x0 1 i ether 50 ml of ethereal « ethane solution, i 
prepared fr le of ea OVE ne yorous 
stirring. During t perior e temp of the ‘ x ( ed 0-15 races 
was cont ed for 2 hr crysta l and ee 10 ml 
portions of ether Ihe ether were ) e filtrate 1 whic eparated 
was rect ed fr 620 1 of ed 46-147", 
in spite of the presence of t i e struc c ethers, la itl ere separated 
Dy il cryst ir ethe rat e combined j 
a mixture OF yelio p 1 ol sn t ye need! Tw ecrystal- 
izations from ethano e 10 mg of aureot! (I ellow prisms, m.p. 152-153 lepressed on 
admixture with an authentic sample 
Methylation of desme thylisoaureothin with diemthyl s ilphate 
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and dried. Light yellow needles, 1-1 g. The salt had no distinct melting point and decomposed at 
about 207-210° without melting 

(b) Methylation of the sodium salt of Il: the sodium salt (1-1 g) was suspended in 40 ml of an- 
hydrous acetone. Dimethyl! sulphate (0-7 g) was added to the suspension and the mixture was 
refluxed for 6 hr, and allowed to stand overnight. The mixture was again warmed on a water bath 
for 5S min and was filtered I I 1 n from alcohol twice gave vellow needles m p 146 
undepressed on admixture with an authentic sample of Ill. yield, 200 mg Spontaneous evaporation 
of each mother liquor from recrystallizat gave 60 mg of brov nish yellow prisms, m.p. 151 152 
which was fi t al (by 1 f and it ed spectrum 

The a ltr \ liluted with 30 n water. The separated brown oil crystallized 
after 2 aay Recrysta al a ad a ng The mother 
was evaporated as above, and 5 we ownish yellow prisms, 


for 5 hr, 40 mg 


} il yield n another run, the 
refluxed wit! is K.CO Fron g the sodium salt, 150 mg 


e of III were obtained i i ). In each case. none of the starting material 


1 containing £ immonium acetate 


r was added, when a brown 


ntation, and the 


e three times with hot 
ight 250 mg, m.p. 238-239 


(Found C. 65°76 H §-95: 


5 ml of acetic anhydride 20 mg of XIV was suspended The 
80° for 30 min. Yellow precipitates were obtained 
They were recrystallized from ethanol 
reothin acetate with m.p. 211-213° were obtained 
4°30) 


lisoaureonone acetate (XV) 


350 mg of aza-desmethylisoaureothin acetate in 15 ml of chloroform was cooled to 


10° and ozone was passed through this solution, until about one equivalent amount of 
is absorbed. On removal of the solvent under reduced pressure, a gummy residue was ob- 
with 10 ml of water in a flask fitted with a reflux condenser at 60 The 


sk was separated from the lid residue by decantation and the aqueous 


under reduced pressure to give a slightly vellow residue, which on recrystalliza- 


10 mg, m.p. 208-209 No volatile carbonyl compound could be 


1 2,4-dinitrophenylhydrazine solution The solid 


decomposit ozonide, consisted of two components; one was easily 
ereas the other was sparingly soluble. The former was identified as p-nitro- 
e by its melting point and infra-red spectrum The latter, sparingly soluble 


i from methanol and gave 70 mg of colourless needles, which turned 
ils obtained from t water soluble fraction, as described above 
ng, m.p. 209-210, 304 my (log 3-85), 233 my (log 3-81), (Found 
: 


C,,H,,.O.N requires H, 5:70; N, 5-28°%) 


Aminol H (XV1) 


of isoaureothamine (VII) (2 g) and LiBH, (180 mg) in purified tetrahydrofuran 
na water bath, a reaction started with generation of gas; about 30 min 


if 


later, it was refluxed for 20 min, the excess LiBH, and complex were decomposed with water, and 
the solvent was removed under reduced pressure To this residue, on adding water, an almost 


transparent solution was obtained the aqueous layer (pH ca. 10) was neutralized to pH 5-5, the 


total yield 62°, (1, 2 a 
react 14 
of and 250 
of Il was recovered 
{za-desmet! yaureothin (X1V) 
A suspens of | of aureot! of acti 
was gently refluxed for 4 hr. To the cooled solution, 200 ml of wate 7: 
oily layer once separated and solidified. The liquid layer was remo Pe 
res e crvsi ed ine idition of 5U n of hot et nol After 
Jenne 341 mu (log 4-25), 296 my (log ¢ 4:16), 245 my (log 4:18), 
N. 7°63. C,,H,..O.N, require ( 65-95 H, 5°80: N, 7°33°%.) 
I solution of | ml of pyridine and 
Y mixture became a clear solution when k 
irom tne coole 1 solution, by the 1ddit 
whereupon vellow needles of aza-desn 
(15 mg), Amex 325 my (log ¢ 4°32), 238 n 
A solut eee 
5 ~ 
ozone 
tained w 
aqueous layer in the fla 
fraction was distilled 
tion from methanol, weighed [i 7 
residue, oDtained tron 
soluble methanol 
nan aldehy« 
in methanol, was recryst ‘ 
out to be identical with tl 
The total an nt was 801 : 
C, 58:86; H, 598; N, 5-45. 
(60 
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srecipitated crystals were collected, and the remaining product was extracted thrice with ether 
preciy ted 
from the mother liquid. The combined reduction product was recrystallized from ethanol, the first 


2g: an analytical sample was recrystallized from alcohol repeatedly, m.p. 156-158 


crop being 1-2 ¢ 
13° (CH.OH), 304 mu (log 4°47), (Found: ¢ 2; H, 7:58; N, 3-60. C,.H,;O,N 
requires: C, 71 H, 7:3 ), C—CH, 10-25 52 moles), OCH, 8-08 (0-96 moles) 


liazomethane her wher <d rath asily with the 


Aminol H was tre 
generation of gas. Ar ly prox yStal a in ver aay t was recrystal- 
lized from ut hi y additior petre het 2-94 -meth uninol H), 
14-93 

n of the 
ed from 
H from 


lution 


ind furt! 
to stand in at rystas peare ‘ ition fro ibs te ¢ netroleum 
ether gave fine c1 ( cetvl ami 1495 red spect 19 1660. 
1511 cm~' (KBr) 

N-Acety/ O-met 
the usual conditior 
methane. Recrysti 


(Found 70°56 


N-Acety/ aminol A (XVII) 
To N-acetyl O-methyl aminol H (190 n 

(100 mg) in tetrahydrotur: 
addition of ethyl 
and ther 
ether extrac wast NaHCO 
pressure a vellov Recn 
m.p. 155 56. [ah (CHCI,) 

O.N reg 


m.p 


Lactol (XVIII) 


To 


was Kept a 


| 


were colected, 


procedure was 


: 
A & analytical and inira-red evidence 
Aminol H was diss« lve i small amount of eli nvyvaride—pyriaine ft xture and the ia 
i was W rn 1 for » f mi tec on A ter } +} After cool yr the eolution was dil ted sith her 
7°53; N, 3-43. »O,N requires: C, 70-56; H, 7-34; N, 
in tetrahvdrofuran (8 ml) lithium alum ivdride 
he mix \ tirred at room t for 20 After 
LiAlH vater saturated Na.SO s added 
ite H¢ The lution was extracted er The 
oO rie h Na.SO, and « ite educed 
ration f{ etl ol gave colourless needle f XVII, 
On lo 1-54). (Found: C. 75-32: H. 802: 3-89 
N. 38] 
Treatment of XVII with acetic anhydride—py vave crystals of N.O-diacet uminol A, 
144-146 (recrystallizatu Irom 
To a mixture of 110 ml of ethanol and 55 ml of 3. N NaOH, 2 g of N-ace oaureothamine ; 
was added The flask was ¢ pp 1 with a re x er tne ed ¢ i 
water bath at about 80 for 10 n vher c clear ot After 
rapid the sol eutralize e he rne tely 
at the neutralization point (pH 7 The sol C rate o 501 el ced pressure 
to vield e crystal vas XVIII \ ‘ ed with 
dilute H¢ 1 the yrecipitate ere ¢ o vield 
colourless needles of XVIII p. 170-171 (S00 (CH,OH og 
: 4-52). (Found ( 67-06 H. 7-19 N. 3-63 ( i O_N re res ( ( }3 H S4 N 3-28 ) 
Measurement of the ack nstant (pKa) by t ethod wa lertake t no consump- : 
tion of alkali by ample was observed telow pH 10 
iction of acet NAVE wtol (XVID 
BB a mixture of | mi of pyridine and 5 mi Of acetic hydride 50 mg of XVIII was added. It 
mums ( 70 for ten n ind after cooling, water ded to the solut he resultant crystals 
ms ethanol and ide hed the starting material, XVIII. The same 
fF applied w th prolonged heating (1 hr); the resultant cryst ils, diflering from XVIII, 
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from ethanol and were identified as N-acetyl isoaureothamine by the comparison 
tra, m.p. 193-194", [a], 0 2° (CHCI,—CH,OH (1: 2)), [cf. N-acetyl isoaureo- 
214 5°. 140 (CHC! CH,OH (1:2)). On 


active and inactiv 


C, 70°59; H, 650. C,,H,,-O,N 


ve species), no depression 


e was also obtained by treatment of XVIII with diazomethane 
yu Pharmaceutical 
The authors 


of N ivova 
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rvstallized 
were reery 
thamine prepared f 
amine prepared 
oO? % 4 
of m.p s observed; mixed melting point, 193-200°, (Found: 
reg eS ( 70-40 H. 50 
Racemic N-acetyl tsoaureothami 
ul 
ments—The a rs are 
Oh for Py 
cl P ies K Nakanishi of Toxvo Kyoiku University, formerly 
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THE STRUCTURE OF PSORALIDIN 


H. N. Kuastoir, P. C. DuTTAGUPTA and P. SENGUPTA 


The Research Division, East India Pharmaceutical Works Ltd., Calcutta-34, India 
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Abstract—Psoralidin ,O, the phenolic coumarin of Psoralea corylifolia Linn. has been shown 


to possess two hydro sTOUDS , onjugated lactone, One isopenteny!l group and an intra- 
molecular ether linkag atic degradation dihydropsoralidin dimethyl ether gave 2- 


hydrox +-methoxybe ind dimeth« 5 nethylbuty! nzo cid I} 


re synthesis 
of the latter compound has bee rl l nt basis of the degradatior “periments coupled 
with ultra-violet and ra-red rption data, the structure of psoralidin has been established as 


6-(3-methyidut- 


PREVIOUSLY we have identified! the sterol of the seeds of Psoralea corylifolia Linn. as 
stigmasterol and have shown" that the furocoumarins psoralen and isopsoralen can be 
isolated from the glycosidic fraction of the seed kernel. The present communication 
deals with the structure elucidation of the phenolic coumarin, psoralidin, first isolated 
from the pericarp of the seeds of P. corylifolia by Chakravarti et al.* and assigned the 
molecular formula C,,H,,O,. This group of workers suggested the presence of a 
phenolic hydroxyl group, a lactone group and an isopentenyl group in the molecule of 
psoralidin. Acetone was isolated from the chromic acid oxidation of psoralidin. On 
the basis of these findings, these workers suggested* the provisional structure 1A for the 
coumarin. 

By following the scheme for isolation outlined by Chakravarti et al." we failed to 
isolate psoralidin from the pericarp of the seeds. Nevertheless, we have been able to 
isolate from the phenolic fraction of the alcoholic extract of the seed kernel, a crystalline 
compound, m.p. 290-292°d in 0-16 per cent yield, which was identified*® as psoralidin 
by direct comparison of its methyl ether, m.p. 190 191° with psoralidin methyl ether, 
m.p. 190° of Chakravarti ef al.* (mixed m.p., infra-red and paper chromatography’). 

Since the ultra-violet absorption spectra of the acetate of a phenolic coumarin iS 
identical with that of the corresponding desoxycoumarin,” we first tried to compare the 
ultra-violet absorption spectra of psoralidin acetate with that of psoralen IB. The 
vast difference between the spectra of the two compounds makes the structure [A of 
Chakravarti et a/. for psoralidin untenable. So we thought it desirable to make a 
systematic investigation on the structure of psoralidin. We observed? that psoralidin 
has the molecular formula C,,H,,O,; and not C,gH,,O, as suggested by Chakravarti 
et al., from the consideration of the analytical data and molecular weight of its methyl 
ether. The presence of two phenolic hydroxyl groups 1s indicated by the analysis of the 
methyl ether, which shows the presence of two methoxy groups, whereas psoralidin 
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shows the presence of none. Further psoralidin forms a diacetate,’ C,,H,,O,;, m.p. 


23° (reported.? m.p. 220°) 


ctra of psoralidin in KBr disk show peaks at 3350 (phenolic 
1625 (conjugated C=C), 1600, 1578 and 1498 
aromatic (¢ 
how any hydroxyl peak in the infra-red spectra 
1638 (conjugated (¢ C). 1604, 1570 


( QO). Psoralidin diacetate 


625 (conjugated ( C). 1600. 


ctate) | 1S ne tive oxygen 


a 


shown by 


305 and 


rahdin 


rnt 
pion 


The infra-red 
hydroxyl), 1710 (cor 
(aromatic nucicus) 
Psoralidin dimet 
but shows peaks at | 
and 1500 (ar tic nucleus) and 1261 (aromatic 
1575 and 1498 | ind 1225 cn (90 
ator f psora ire | ent in two phenolic hydroxy! groups and tw i. 
the peaks at 12¢ 94 cn he infra-red spectra of psoralidu 
iltra rp of ralid ww peaks at 208, 244, 
447 n | ether shows nilar spectra, whereas 
[At ‘ k \ ra* 
Ps 
| j 74 OOO) 
Ps 
lin 
W 
700) 
( 
liacetat t 20 25 The ultra-violet 
lact i] (iil ve vclieve that psoralidin has 
the ot illv we have been able 
fact ¢ envi)-coumestrol (IV, R H) 
P IV. R H riiv.R Me) smoothvl absorbed 
Mi | | sry if tne 
dihyd ether. thus 
est Aa im cule ofl 
H 41 
42 
} 


The structure of psoralidin 


psoralidin On repeating the chromic a perin n psoralidin di- 
methyl ether, we also have been able t ite acetone (identified as 2,4-dinitro- 
phenyl hydrazone). This experiment establishes the presence ol rroup (CH,)."C— 


in psoralidin. Further, dihydropsoralidin on treatment with fuming nitric acid gives 


isocaproic acid, identif d be paper chromatography This experiment confirms the 


presence of the group (CH,).°C--CH-CH,— directly attached to the aromatic nucleus, 
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as originally suggested by Chakravarti et a/.2 On treatment with methanolic hydro- 


chloric acid, psoralidin undergoes isomerization to the monohydroxy chroman 


(VIR H), m.p. 284-287", having identical ultra-violet asborption spectra with those 
of psoralidin ¢ chroman ) forms a monomethyl ether (VI, R Me), 
m.p. 172-17 197-2 | roman (VI, R H), wh 


p must 


nan opsoralidin esti hes** at 1 ypentenyl grou; 


1 presence ot 


the acid (X11) 


OC Situated at tne 
ortho-position to one of the two phenolic hydroxy! groups in psoralidin 
On fusion with potas ydroxide, psoralid es.” as expected, resorcinol and 
-TESOTCY icid (identified as its ethyl est l pi nce of a coumarin type 
structure 1s d trated by the fact that on treating psor lin dimet! ther (LN nf 
R Me) alte thar ind ethy nhate. | psor 
nate t thy! et (Vil) p. L14-11D° 1 ted. | nfra-red spectra of this 
: ester § \ al ited ind the t ad ptiion 
iri | ia (V_R Me) | alt ind 
dimethy | yid psor ethyl ether (VIII, R Me) 
(VIII R H), rpt t 212 319 
not iny ca yl peak int fra-red spec but vs peaks at 1620 (C-—-C) 
1582 1 149% ICiCU 1264 (aromatic 110 (are itic ind 
1035 cr (OM« 
give the (X). But instead of t ol, we to is nly a light 
vc cryst ne p tom me p. 113 Sto ch we nt in 
structure (XI ‘round The « unc iI es 
blue-violet col c ferric | on 
spect 279 and 32¢ ind ti fra d spex Ow ‘ 
peaks 3500 1635 { ited cal ind 1605, 1575 and 1498 « 
(ar | pre hat the X1) has been formed through 
bet xt neriodate to yield 2-hydroxy-4 
met (ident Paper < ral fits 2.4 nitropheny!l 
hydrazor pn. 90-9 \ i ito be identical (mix p. and 
infra-red) ) 4-d et itvl)-benzoic acid (XI1), synthesized us 
by an | me ) 1D \\ 
Fr ( ‘ met vl roviat« ind i] rvi CT ride 
| afforded met 4 xy-5-isovaleryl benzoate (XIII, R = H), m.p. 72-74 
which was p prepared’’ by t vd nation of methyl 2.4-dihydroxy-5- 
(38-dimethyl acrylyl)-b« ate. The dimethyl et (XIII, R = Me), m.p. 129-130" of 
the phenolic ket ster (X11, R H) on catalytic hydrogenation” i i ii 
perchior c acid gave an oily ester, which was directly saponified to give a 
m.p. 90-91 
2 ¥ Hi. S 80, 1694 (1958 
K. W. Rose mind, &. Kars iF. K. Marcus, Ber. Disch. ¢ n. Ge 75B, 1850 (1942) : 
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of psor ilidin 


Ve 


cold dil HCI and 
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Thus psoralidin (IV, R — H) is a new addition to the family of benzfuranocouma- 
rins of which wedelolactone (11), coumestrol (II]) and erosnin (XIV)° were the pre- 
4 previously known mel | P 
EXPERIMENTAI 
were me red ‘ es < SC 
Isolation o H) 
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and after that there was no appreciable uptake of hy drogen. The hydrogenated product on crystal- 
lization from ethyl acetate afforded dihydropsoralidin (V, R = H; 0-85 g), m.p. 274-276°. (Found: 
39; H, 5-09. C,,H,,O; requires: C, 70-99; H, 5-36°%) 
Amax 210 (¢ 39,000), 244 (¢ 22,000), 305 (¢ 7500) and 345 mu (¢ 27.700) 


Dihydropsoralidin dimethyl ether (V, R Me) 


(a) A mixture of psoralidin dimethyl ether (0-8 g), ethyl acetate (300 cc) and 10 palladium on 


charcoal catalyst (0-2 g) was stirred in an atn sphere of hydrogen. One mole of hydrogen was 
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identical (mixed m.p. and infra-red) with an authentic specimen described below. (Found: C, 66°37: 
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was reduced in acetic acid solution in the presence of Adams catalyst to the corre- 
The N-formyl derivative of this base (1Va) underwent 


sponding pyrrolidine (IV). 
horus oxychloride 


smooth cyclization to the quaternary salt (V) on heating with ph 


The last compound was reduced without further purification in good 


)2,3,6,7-tetramethoxyphenanthro(9,10:6',7’)indolizidine After purifica- 


in toluene 
vield to ( 
tion by chromatography and crystallization from chloroform 


289° (decomp) when introduced in a bath preheated to 25 is did (—)tylo- 
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c, 0-866; in CHCI,). The base liberated from the d-base-d-salt had m.p. 292° (decomp), [x]? 
12-25° (c, 0-733; in CHCI,) 
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the deepening colour of the compound. On the basis of analyses of the hydrochloride, 
the formula of the base had to be revised from C,,H,,0O,N® to C,,H,,;O,N. Zeisel 
determination showed the presence of three methoxyls in the molecule. The ultra- 
violet absorption spectrum of tylophorinine (/,,,, 258, 287, 340 mu; log ¢ 4°61, 4-34, 
‘91) was very similar to that of cryptopleurine® indicating that it was probably a 


2,3,6-trimethoxyphenanthrene derivative. 


The fourth oxygen atom in the alkaloid was evidently present as an aliphatic 
hydroxyl group. The infra-red spectrum (nujol) of the base showed a band at 3-1 w. 
Acetylation of tylophorinine yielded an acetate, C,;H,-O;N, with infra-red absorption 
bands (CHCI,) at 5-8 and 8-0 wu (—OCOMe). The U.V. spectrum of the base was 
unaffected by the addition of alkali, showing that the hydroxyl group was not phenolic. 

Tylophorinine did not have an N-Me group and had no easily reducible unsatura- 
tion, but yielded a crystalline methiodide. Evidently tylophorinine is a tertiary base 
with nitrogen common to two rings as in tylophorine. With the intention of carrying 
out a series of reactions parallel to the successful degradation sequence in tylophorine, 
the alkaloid was subjected to both Hofmann and Emde reactions. However, the 
Hofmann degradation, carried out either by the pyrolysis of the methohydroxide, or 
by refluxing the methiodide with potassium t-butoxide in t-butanol, gave only a very 
meagre yield of a compound, whose analytical values were only in moderate agreement 
with the formula C,,H,-O,N. Similarly the Emde degradation too gave a very small 
quantity of a base which was found to decompose spontaneously on keeping. Thus 


the extremely low yield in these degradation reactions precluded the px ssibility of the 


derivation of any useful information regarding the structure of the parent alkaloid. 
Direct oxidation studies were however, more useful in the structural elucidation. 
Vigorous oxidation of tylophorinine methiodide n-hemipinic acid as the only 
isolable product. Mild oxidation of the methiodide yielded an imide, C,,H,;O;N, and 
an acid which was converted to an anhydride bands at 5-45 and 5-62 «) under 
crystallization conditions. Methylation of the acid with diazomethane yielded a 
diester, C,, my 16. identical with dimethyl trimethoxyphenan- 
threne-9,10-¢ 
(111) SINC 


a 
X-ray crystallographic analysis® as well as by synthesis‘ the part structure (LV) for 
tylophorinine follows 
OCH, OCH 
H.CO H.CO y 
N 
H.C 
Lil 
W Dr. E. G 
\ R j 7.11 
J. M ‘ \ 173. 
C.K.B ind H. B J. Amer. Cl Soc. 80, 930 (195 P. Marc B. Belleau, Canad. J 
Cher 36, S581 (1958 4 
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a structure corresponding to X was achieved as follows: Condensation of 2,3,6- 


trimethoxy-9-phenanthrylmethy| chloride’ with pyrryl magnesium bromide gave 


2-(2,3,6-trimethoxy-9-phenanthrylmethyl)pyrrole (X1), which was catalytically reduced 


to the pyrrolidine (XII). N-Formylation followed by cyclization gave the quaternary 


compound (XIII), which was reduced by sodium borohydride to 2,3,6-trimethoxy- 


phenanthro(9, 10 ?’.6 yindolizidine (X) [he infra-red spectra of the synthetic 


compound and of desoxytylophorinine in chloroform solution were identical. The 
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' two compounds, on being subjected to the Hofmann degradation, gave in good yield 
the same methine, C,,H,-O,N, m.p. 171-5° (identical m.p., mixed m.p., ultra-violet 
an ra) 
yphorinine is thus proved to be X, tylophorinine itself should be 
EXPERIMENTAI 
points are corrected. Ultra-violet absorption spectra were measured wit! Beckmann 
nectrophotometer. Infra-red spectra were measured by Mr. S. Selvavinayakam using 
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rhe mother liquors from the above crystallization gave only a small amount of intractable product. 


(b) Mild oxidation with potassium permanganat 4 solution of tylophorinine methiodide (0-5 g) 
in pyridine (10 ml) and water (10 ml) was treated with stirring over a period of 3 hr with aqueous 


potassium permanganate (N/10; 220 ml), first at 30° and then at 40-45 The manganese dioxide 
residue wi 


5 hr The fi 


ip 
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THE STRUCTURE AND SYNTHESIS OF XANTHOMICROL* 
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homicrol and its derivatives could be fitted best, however, by the assumption 


formula 1.e one corresponding to a dihydroxytrimeth- 


oxyflavo1 ve suggestion of a flavone nucleus was confirmed by the demethylation 


of xanth« with hydriodic acid, followed by acetylation to give trisnorxanth- 


omicrol pentaacetate, whose ultraviolet spectrum was essentially that of flavone* 
(Table 1) 
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TABLE 1. ULTRAVIOLET SPECTRA OF XANTHOMICROL DERIVATIVE 
(my) (my) 


Xanthomicr: 
5,4’-Dihydri 


Xanthomicrol and its demethylation product give strongly low, non-fluorescent 
hi uggestil presence of a free 


solutions when treated with boroa vdride, > tl 
) Ol su stituent at C-34 
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tr 


produced in the ultraviolet an VISID spectri i 
{ in hydroxide ion 


xanthomicrol whe al ic solutions wet 
tical h those ed by rdstrom ef 
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formation of 
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structure (Il) may 
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O. Dimroth and T. Faust, Ber. Disch. Ch ( 446, 97 
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: I Rodd (Editor) y vie! msterdam (1956). 
Inter al. L. H. Brigg 

G. H. Mansfield, Swain and ordstrot re, Lond $3) 
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my) 
‘ flavone* (V1) 283 18,600 296 18,200 335 25,100 
Trisnorxanthomicrol 
pentaacetate 258 16.900 301 18.800 
Flavone 250 11.800 997-§ 16.00 
Monome xant crol (VII) 285 71.200 295 21.600 332 24.800 
oi +'-Ber xy-6,7,8-tri- 
methoxyl xX) PRE 000 24.400 332 26.700 
Dimethylx crol (VILL) 272 20,200 324 200 
fla e (VIIL) 272 19,900 324 28.600 
4’-Bet xv-5,6,7,8-tetra- 
methoxvfl 1X 272 19.600 395 29.600 f 
Kanthomic ta 7 200 308 71.800 4 
* Synthetic ; 
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be found, but the hydroxyl appeared at an extremely unshielded position (7 2-69) 


characteristic of strong intramolecular hydrogen bonds.!* 
The new product (XII) crystallized as yellow needles. The structure was proved 
by the remarkable simplicity of its NMR spectrum and that of its acetate. Both of 


these compounds showed two extremely sharp methoxyl peaks in the ratio 2:1 and 


the acetate showed an equally sharp acetate peak also of height 2. Such a spectrum 


can only be explained on the basis of the symmetrical structure (XII). In addition, 


the hydroxyl peak was shifted upfield to 7 = 0-14, as might be expected if there is a 
rapid averaging of the hydrogen-bonded and non-hydrogen-bonded hydroxyl protons. 


yu 


methylate only to an acyl group on a benzene ring Indeed, 
very satisfactory yield in the syntheses leading to pen 


al 


such a a- 
methoxybenzene ouble demethylation leading to (XII) appears to be without 
precedent and may perhaps be caused by the buttressing effect of the groups in the 3 
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Xanthomicrol diacetate 


Xanthomicrol (56 mg) was treated with acetic anhydride (0-6 ml) and pyridine (0-7 
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aluminium chloride (335 mg) in anhydrous ether (1-4 ml) and refluxed for 10 hr. Water (10 ml), 
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RELATED COMPOUNDS 
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N CH, ne mole N CH. 
ge C—CH;—Br ‘NeOH Cc CH—CH.Br 
R N R N Ss 
H Br 
VI Vil 
Z e NoOH 
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r N CH N CH 
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i=) ¥ 
R CC Cc H. 
‘ N XI 
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N Ss 
¢ CH CH—CH 
x 
C N CH, 
R 2 
CH=—CH 
xu 
A simpler and superior pathway for the synthesis of 2-methyl-10:1 
(IX) was eventually de loped hich completes tl Synthetic sc el 
and better overall yield. The initiating reaction employs a new variant Le. > 7777/! 
allyl-is he af mentioned condensation with anthranilic acid. 
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2-Bromomethyl-10:1 1-thiopega-2:9-diene-4-one reported earlier (X, R, R, 
H) has been prepared in 28 per cent yield which is better than that obtained by the 
previous route (14-1 per cent), by a variation involving the condensation between 
-bromoallvl isothiocvanate (XVII) with anthranilic acid (1) followed by the bromina- 
tion of the intermediate tetrahydro derivative (XVII1) and subsequent basification of 


bromo-compound ( X) thus obtained: the course of various reactions 1s represented 


EXPERIMENTAL PROC 


00-0044 
(0-0044 n | ( 
45. C, H.ON,SBr¢ 


-9:4-one (VIII: R R Cl) 


0-06 mole) was dissolved 


luti (240 ml) (0-12 mole) at 


This was collected after cooling and crystallized 
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as follows: 
S.cChie antl { 
\ e (17-5 ¢)(prepared by reflux ; 
‘ 0 f ‘ heated 
oil hat \ ‘ ¢ kep s te ne re 
practi t ‘ ned | pale rec 4 
tangular p. 2 ( 8 40 S. 12-7. C,,H.ON.SCI re res: S. 12-67°.) 
6-( 0 )4-one AV: R H: R ( 
Dry hydroc ac lux rd, R H: R 
cry e Co plate 14¢ 60°). (Fe 
S. 12-38: C,,H,ON™ S. 12-67°.) 
ke ec es ec p. 228 9-40. C,,H,,ON.SCI, requires 
i 
Bromomethyl-6-ch 10-1] ) 4-ome VI: R H:R Cl) 
free Vil: R H Rk ( 
Bromine (3 mi) cetic acid slowly added to a s ‘ (iil 
R H: R ( : Cc ac 170 ) 45 " ed rough k of the 
(73 I S. 7:57. | S, 17 
ole, 17-¢ vas added solut of the above hydrobromide : 
(40 ml 40 he solid obt ed on cooling is 
4 with vhite rectar | ites (0-82 m.p 144 iFo nd 
N, 8-5%) 
The hydrobromide (VI; R H; R Cl) (200 ¢, in 70°, ethanol 
(350 ml) and to this was added 2°% sodium hydroxide :: EE 45°. A whitc 
flocculent precipitate separated out instantancous!y, 
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from 60 °% ethanol as long rectangular needles, m.p. 193 , 70%). (Found: N, 11-2. C,,H,ON,SCI 
requires: N, 11°15%) 


Isomerization of (VII1, R H: R Cl) to 6-chloro-2-methyl-10:11-thiopega-2 :9-diene-4-one 
(IX: R H: R Cl). Methylene base (1 g) was dissolved in concentrated sulphuric acid (25 ml) 
ats After about 5 min it was poured into crushed ice when a white solid separated out. It was 
fter 30 mir i washed with water. Crystallization from dilute ethanol furnished colourless 


lles, m.p (0-67 g, 67%). (Found: N, 10-6. C,,H,ON,SCI requires: N, 11-1%) 
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Bromination of (VII :9-diene-4-one 
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(0-004 
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44° (50 


1 
COLOUTICSS 


red trom glacial acetic acid (norit) as 


Br, 38,75. C,,.H,,ON,SBr, requires N 


2-Bromomethyl-7-methyl- -thiopecene-9 :4-one (VIL; R 


Crystallized from dilut thanol (norit) in white needles, m.p. 125° (80%) (Found 


C,.H ON SBr requires 


d (6 
N, 70: S, 80%). 
mole: 0-40 ni) was refluxed for 3 hi The residue uned alte ed of the 
solvent was cry ed from et ol as light pale needles, m.p. 193° (0°43 g, 44°). (Found: S, 9°55 
( H,.ON.SCI rec res ) 
:9-diene-4-one (X1; R H: R Cl) 
: The above hyd ron vas thorou y triturated with sodium carbonate solution. The 
pale yell produc ted and w ed w vater. Crystallization from dilui77! : 
fur ed fine pale vellow needles (1-6 g, 66°3°4) m.p. 202°. (Found: N, 8:16. [a 
require N, 8-5 ) 
6-Chloro-2-diethylaminomethyl-10:1 1-thiopega-2:9-diene-4-one — H, R, = Cl) 

A the Dromot e (XI R H R ( }(1 ¢, mole) ethanol (60 ml) and ‘ 
4 aretny refl AA 1 tor } IT he ylvent was led I 1 the residue i) 
crysta | cI lep (UD) vhite rectang needles m.p 136 
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1-Methyl Anthra {cid Serie 
The exper i condit employed are almo ¢ me as the case of 5-chloroanthranilic 
icid Seric 
3- Allyl-4-keto-7-me 2 trahydroquina ne (ill: R CH R H) 
( ed fro acid rectangular plates m.p. 233° (44°). (Found 
11-91. C,.H,.ON.S re re N. 12-0¢ 
R CH R H) 
Crvstallized from dilute « (norit) e colourle recta ilar plates, m.p. 14’) 
(Fou 11-9 13-68 ( ONS NJ > S 
Hydrochloride of the b s ob 0 ro cial acetic acid as 2 , 
product meiting at 264 (F< i N. 10-2. S. 11-8. C,.H,.ON.SCI require N. 10-4: S, 11-9%). 
?-Bromomethyl-7-methyl-10:1 1-thiopegene-9 :4-one-hydrobromide (V1; R CH R H) 
Crystalli colourless product m.p. 320° (d) (55%). (Found: 
N, 6-96; 7-14; Br, 400%) 
— CH,; R, = 
Br, 25°85 
Br, 25-72°,). 
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Crysta ed from d e « (norit) in long rectangular plates m.p. 189° (70°,). Tia: 
N, 12-0. S, 13-95: C,.H,,ON,S requires: N, 12:17; S, 13-91 
2 Dimet 10:11-¢ 2:9 ne-~4-one (IX; R CH R ri) 
Cr ed fi e « ender needles » 200° (75",) (Fo i: N, 12-1, 
S, 13-47. C,.H,ONSS re N, 12:17; 3S, 13°9 
Bron R CH R H momet! c-4-one 
‘ CH R H 
\ 4 wR H, ON SBr \ RB 11-0 
)-B ) . | XI: R CH R H 
SB 
)-D Z XU R CH R H 
( 
2 | 
| KY _ R ke ] 
} ( ( HOON 
‘ 1X 
R Hi 
k H 
x\ kk R CH 
| 
ix be } 
| 4 i kk 
X\ R Hi: R ( 
IX: R H: R 
IX: R H: R ( t cpress np 
3-(2 -Bromoall y!)-2-merca XVIII: R R H) 
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2- Bromomethyl-10:11-thiopega-2 :9-diene-4-one hydrobromide (X; R, R, H) 


Crystallized from glacial acetic acid as a colourless product m.p 295° (84%). (Found: S, 8-61; 
Br, 42-8. C,,H,ON,SBr, requires: S, 8-0; Br, 42°5%) 


2-Bromome at ra-2 9-dic ile -4-one 
The residue was 


1ation proved its 
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1000, 1: 5000, 
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formation of cis-acids from the ketone (1: R H) is therefore not surprising, for 


neither route®’ climinates the ambiguity of configuration at C(11) 

The aim of the present work was the conversion 
tricyclic acid, structurally and sterically analogous to the resin acids a route wh 
should be free from this limitation. A suitable intermediate would f the type \ in 
which the presence of 1 angular methyl group would ensure formation of a trans 
ring-junction on 

Having shown th etl f acetylcyclohexene with methyl iodide and 
-2 cn we nsidered it feasible 
to prepare the | ,1-disubstituted ind Me) by alkylation of 
an unsaturated ke } h we expecte o obtain 1 the ethyny!l alcohol (VII) 
from the ketone (1 e was prece ming the ste1 


ereostructure 
(V: R, Ac, R 


potassium t butor yl-l-methvicvclohex 


| e Di napnthatenic 
absorption spect 


picrate, m.p 12 12 vy rho resum; y fori by cyclode- 


hydration of Sa 


as obtained bi ur n Ince ara amount ympounds. 


Me 
VIL [x 
nacnsal Of the potass | deri itive of | etl OXV-) metl vic ohexa-! 4- 
diene wit netny a 1 ammonia and subdsequent acid treatment (c/ 
refs. 13 and |4 i if whicl ysed correct for the desired cyclohexenone 
id (ll: R H) ‘ the 2.4- itrophel lrazone of this ketone could be ; 
obtained H pr enc ) my (ride ira) wa licated Dy 
infra-red comparis« the entic ¢ p dill: R H) obt ed by the 
method of Saha ¢ * Cyclizat of the xture with phosphoric acid gave an oily 
hydrocarbon C,.-H,, (9 per ce! eld base e phenethy ¢ e ketone 
(I: R H: 13 per t). identical i respects with a sample prepared from the 
pure cyclohex none (II R H) Alt ugn t yield of the tricyclic ketone was low, 
this method was preferred to the published procedures*** because of its brevity 
The oily hydrocarbon. which ga 1 nicrate (m.p. 104-5—105-5 ). is formulated as 4 
P.N. Ra iK.R Tetral 4, 294 (1958 i refs t ted 
G. Stork ( 78, 2 
| ‘ } = oht 
ll: R H ho to 
" et WwW. E.B k J. Amer. Che . 62, 2219 (1940 
7 ro Cc 12. § ; 13, 297 48 15, 11 1950 S. M. Mukherji and N. K. Bhatta 
charyya, // 17, 1202 (1952 
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(R H) and IX, were apparently produced in the alkylation of 1-methoxy-5-methyl- 


cyclohexa-!,4-diene, it is supposed that the dienate anion Is susceptible to electro- 


philic attack at C(6) and C(2) at comparable rates (Paths a and + below). A possible 


Me 


rated 
-band 
CCAUSC a 


H) from 


that 235 mu (log A 93). Finally, chemical proof of the 
position hvlenic bond was obtained by Castells and Meakins’ degradative 
§ Treatment with osmium tetroxide followed by lithium aluminium hydride 
gave a hvdroxviated product which underwent ! 


Both the aldehydo-acid and the corresponding methyl ester (X11), 


procedure 
on with lead tetraacetate to give an 


aldehydo-acid 
nd Ed) p. 278 


A. Rob nd ilker ? 


and G. D. Meakins, Chem. & Ind. 248 


= 
R 
Me _Me 
+RBr 
Me 
OMe OMe 
1X 
x 
OMe 
alternative to Path 41s the prototropic tautomeris! of the dienate anion to the anion 
(X). whic ould give 1 by a ti ind t hydrol to 1 \ ymer 
of LX I} ex] ition e preferre t is normally the centra/ carbon 
at which suffer lectrophilic attack in sucl ‘ric dienate systems 
The ketone (I R H) is trem reactive ind treatment with lithium 
acetvik ( nia t ( us ¢ a ethynyl alc hol 
(VIL) ynniv 40 per cent vield. Several other ethynylation techniqi which are 
dagescrided in | kperimel LO De eve! ess Satusiactory 
W treated wit! for icid. the ethynyl alcohol was converted in 50 pet 
cent yicid nto al insaturated } had 13 1670 and 1355 cm 
(CH ( | Va \ ) in is | required co und (V1) 
hy tra rptl ] 94) (cf vicvclohexene 
wi iS / ?32 +10) would predict / 254 mu for the ketone (VI). 
The poss ty t the p ict act y had the structure VI, and that the cc 
cart \ ind wi fted by ; is 20 by overlap with the aromat 
it 216 mu (log 4 ) was intril Cally UuNnilk \ ind could be discounted | 
subtraction curve of the ultra-violet spectrum of the saturated ketone (1; R | 
Me 
CO.Me 
Me 
x! xu 
; Arnold, London ( 
* J. Castells. Ph.D. Thesis, Manchester University (1955); J. Castc!|s == 
(1956) 
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vy 2857 (aldehydic CH) and 1739 cm~ (aldehydic and ester C=O groups), gave positive 
Schiff tests. The isomeric ketone (VI) would have been converted into a keto-ester 
(XII1L) by this sequence of reactions. 

rhe formation from the ethynyl alcohol of the A'®)-ketone (XI) rather than the 
isomer (VI) with the tetrasubstituted ethylenic bond has not been satisfactorily 


explained. It may imply that the angular hydrogen atom is unfavourably disposed for 
elimination from some cationic intermediate in the rearrangement, such as XIV," i.e. 


XIV XIV 


that the C(11)—H bond and the trigonal, positive centre of XIV are very nearly 
coplanar. This situation is possible only if the intermediate (XIV) is cis-fused and in 
the conformation XIV A. The axial hydrogen atom at C(2) would then be preferen- 
tially eliminated asa proton. The further implication would be that the AB-ring-fusion 
is cis in both the unsaturated ketone (XI) and its acetylenic precursor (VII) 

In spite of the failure of the projected stereospecific synthesis at this stage, it was of 
interest to study the alkylation of the ketone (XI). With methyl iodide and either 
sodium t-amylate in benzene or potassium t-butoxide in t-butanol, no |,1-disubstituted 
compound was obtained, the sole product being an x/-unsaturated ketone (/, 
229 mu, v 1674cm~'). Methylation had evidently occurred at the methyl group rather 
than C(1); for the infra-red band of the parent (XI) at 1355 cm~! (CH, adjacent to 
C=O) had disappeared, and the compound did not react with benzaldehyde under 
conditions which converted XI into its benzylidene derivative (XV). These observa- 

together with the elementary analysis, indicate that the substance is either the 
t-butyl (XVI; R Me) or the isopropyl (XVI; R H) ketone. 

The Favorskii rearrangement has potenti: ises in diterpenoid synthesis as a 
method of introducing gem-groupings,”’*' and the following reactions, which were 
also expected to establish the stereochemistry of the unsaturated ketone (XI), are 


illustrative 


OH 
H 
H COCH CHPh 
OH 
“Mo R R COMe 
AcO 
XVII XVITI 
M.S. Ne n, J frre Cher ‘ 75, 4740 (1953) f. M. } \ ell. J. W. H cock and W. J. Hickin- 
I Chem. S 11 (1956 
Since the ppeal ce of n communicatio! Chem. & li 1450 (1959). G. Stork 
Borowitz, J. Amer. Che s 82, 4307 (1960), have d further attention to applications of 1 tvne 
For steroidal example sc N. L. Wendler, R. P. Graber and G. G. Hazen, Tetrahedron 3, 144 (1958) 
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5 


Reduction of the unsaturated ketone (X1) with sodium in liquid ammonia followed 


by reoxidation of some hydroxylic material gave the saturated ketone (XVII; R H) 


in 82 per cent yield. The corresponding enol acetate (XVIII) was obtained by treat- 


ment with acetic anhydride and toluene-p-suiphonic acid, and converted into the 
bromo-ketone (XVII; R Br) by reaction with hypobromous acid. The enol acetate 
and the bromo-ketone were not purified, since their infra-red spectra prov ided adequate 
confirmation of the structures assigned to them. The bromo-ketone underwent the 
Favorskii rearrangement when heated with methanolic sodium methoxide (cf. ref. 21) 


to vive a mixture of methyl esters (ca. 45 per cent) By-products were the ketone 


(XVII: R H) (ca. 10 per cent), hicl ist have been present in the crude bromo- 
the mixture ol 


114-115 


ketone. and some hydroxy-k teri hromatographvy of 


rs gave semi fractions, 


este! 


was isolated in very low yield by 


Ss (XIX) had been de- 


ypropyiat ivdroabietate 


rtion of 


final product, all the compound 


from which a compound C,,H,,0,, m.p. 
ish 
Des recrystallization from light petroleum 
CO.Me CO,Me 
xx 
At this time. only three of the four possible racemic ester 
’ (XX). The melting point of our product showed that it was not identical with any of 
the known este! In order to compare it with the Known | ) lesisopropyldehydro- 
abietic acid.’ we hydrolysed th ster, but wel nable to obtain a crystalline acid 
pecause contamination of the late! Wil dation products the solvent 
(ethviene glycol). However. a minute sample of Ghatak's destsoproy videhydroabietic 
acid. m.p. 174-175. was succ fully converted into a methyl ester by the use of 
diazomethan After sublimation, this had m.p. 115° undepressed Dy admixture with 
the Favorskn product 
Since the trai ter (XX) wa btained from 1 bromo-ketone only in very low 
| 
vield (ca cent) and since m uncrysta ible material was concomitantly 
produced, it 1s unjustil ible to conclude that e unsaturated ketone (XI) has a (rans 
ring-junction. Itn 1ontly na contained a ve! mall pr PC”! th || x-isomer : 
or even of the compound VI, the presence of which in trace quantity would not have 
been revealed by ultra-violet spectroscopy in the latter case, sodium-ammonia 
reduction would presumably have given at least some Ilo material The possible 
persistence of traces of isomeric impurity thre ugh several steps is understandable in 
; encountered in this work were oils 
in 
M \ ry y Deel yni rea by a ail ent rout t 
Wenke nd A. 7 iJ. A $2, 322 1960 
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EXPERIMENTAL* 


1-Acet yl-1-methylcyclohex-2-ene 
A solution of l-acetylcyclohexene (10 g) and potassium t-butoxide (from 9-6 g metal) in dry 


nitrogen for 15 min. With constant stirring 


t-butanol (250 ml) was stirred and warmed gently under 
and passage of n gen, the solution was treated dropwise with methyl iodide (70 g) at 0°, and then 
1 potassium iodide 


kept at room The precipi tea | 


solutior 


was collected, and its aqueous 
vith ether The dried ethereal ri was combined with the filtered reaction 
7 p 5 ) mm, 5 11-4668 


rystallized 


mixture listillec » lon 
. 2 he semicarbazone, rec 


21°6. Cy oH,,ON, requires: 


(Found 


twice Ir 
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methanol, had m.p. 136°. (Found: C, 61-4; H, 8-7; N, 
61°5; H, 8-8; N, 21-5%) 
3-Methy -2-pheneth clohex-2-enone R H) : 
The ketone was obtained by Stork and Burgst er’s method? as a pale yellow oil, b.p. 118-120 : 
0-1 mm. (Found: C, 84-3; H, 8-5. Calc. for C,;;H,,O: C, 84-1; H, 8-4%,). Prepared b e method 
ties of Saha et « it had b.p. 110-117°/0-1 mn 1-5525. (Found: C, 84-4: H,8-5°<) and slowly 
solidified at room temp. The 2,4-dinitrophenylhydrazone had m.p. | 12> (iit 172°), the semicarba- 
zone m.p 183-184 (lit 185) 
(1; R H) 
(A) Obt ed from the preceding compound by treatment with phosphoric acid at 150—155° (ref 
4). the ketone had fter tw 1s ! D.p 114 120 0-7 mn n,. 1°5643 AF 773 inflexion 
€ at 290 log ¢ 2°69, 2-64, 1-74, respectively). (Found: C, 84-4; H, 8-7. Calc. for C,,H,.O: C, 841 
H, 8-5°.). The semicarbazone had m.p. 225-227> (lit 227-228") 
(B) A soluti thoxy-5-methylcyclohexa-! ,4-diene** (100 g) and potassium amide (irom 
i 44 ¢ metal) guid amm« 2°51.) wa red for 20 nd then treated dropwise over 2 hi 
; with phenethyl! br de (100 ¢ dry ether (200 ). The mixture was stirred for 2 hr, then treated 
was inder reflux 2Ns 20 for 2 I proauct xtracted with 
ether shed w 0 carb € t e vit it rik tilled. The 
fraction of b.p. 102-112 (0-05 rave, On re oil (54 b.p. 124-130°/0-3 mm, np 
1-5512. (I i: C, 83-8: H, 8-3 | cant erences betwe the fra-red 
spectr of this p ( { t of 3 -p ex-2- e (il; R H However 
hen treate B I 2.4 rophenylhydrazone (m.p. and mixed 
m.p. 172 ) of the r k ¢ 
The (53 ) NS \ OVE 1d then 
\ cl ent ern several 
additi ( ( OU ¢ ind 
sm e. I prepared from 
saturated ketone (60 et 
Fraction 1 (2-03 ed o i (100 ¢ 
me f VIII; 1°64 13mn 611 815, 792. 767, 745 
cm 229, 274-5, 280, 29 314 4-99 74, 3 2°82, 2-9 
5 respectively (Found: C. 91-9: H. 8-1. C,.H € ( ( 1-8: H, 8-2 The orange- 
vellow needles f1 eth im.p. 104-5-105-5 i id: C, 59-1; H, 4-3; N 5. Ca HAN 
no vel en K For P S ( H is used 
d ct ‘ cor 10 ] tic Ur ess tal t petroicum a 
‘A.B J. Chem. )3 (1946) 


req 
re 
| 
(lo 
ran 
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n with light petroleum (100 ml) gave an inter- 
nethylanisole (198 me) b p. 


275, 280 my 


uer en \ ) nalladized charcoal at 300° for 
‘ ric b.p. 40-60 100 rave 
er elution with this solvent (150 
2 284, 295°5 $, 324 32, 340, 347-5 $91,419 
125 ra yellow needics tro ethanol 
C, 60 H. 3-6: N. 10:2. Calc. for C,,H,,O-N,: ¢ 
m ( | oO! nn 
ecdk m.p. 61-6 fy two re 
hrene (V11) 
| UU nay ream ol 
place eel bomb 
OV ul b ealed a 
After be t opened ents 
OK ne ene (1-5 1.) 
} ne | | T vith the 
R H 0 ent) a 
3.4 ve hol 
5? OH) 1 29 CH) (Fo ( R4-4 H 
H, 8-4%,) 
(19-3 200 mil) po ssium 
AT te e (500 ml), the 
I ol 4 ied 
{) T} las 12 
} +} oil 
ve 
{) | for 
cohol (1 hown Db ed spec n 
rol hout 
I ol 
i Ey 
es wil mn of hanol 
| 
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2 N 9-9 rther 
im S64 1255 (s), 1034 (m), 803 (n 
7 
+41, 3-40 respectively i: C, 84 H C,.H,.O requires: C, 84-9: H, 8-0%,) 
cVctic Ket e(l: R H t ned by this method (B) snot reneral pur hed chromato- 
ic ce ( ants were easily removed dur the purification of the ethynylation 4 
j 
product (VII) 
Del nation of etrahydromethylphenanthrene (VIN) 
he 
1.06. 4 9 
$9 H 6: N, it I 
19 10 1? 
A) | 4.2 As 
i 
200 The 
for 4 
0-09 
Vil ‘ 
C,.H..O1 ( 
. 
P 
| 
R.D.H IO Soc. 1132 (1932 
yee 
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1-Acetyl-3,4,9,10,11,12-hexahydro-12-methylphenanthrene (X1) 


ethy 
tion mixture was poured into 10°, sodium bicarbonate solution and 


The ethynyl alcohol (VII; 1-71 g) was heated under reflux with 90°, formic acid (50 ml) and 
ethanol (5 ml) for hr. The react 


il solution was washed with bicarbonate solutior , dried and evapo- 
viscous residue (1:66 g) on deactivated alumina (300 g) and elution 

an oil (60 mg), » 3 C); further 
tions (440 and then vitl I l ! aturated ketone 


108-111 im, mp 1°5 ¢ 4-03. 


to effect the 
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extracte etnel ihe ¢ 
rated. Chromat« grap of the 
with light petroleum (700 ml) 
elution (with 700 ml) gave mixe 

(XI; 637 mg) as a viscous oil, bp. 
3-94 respectively). C, 85-1: H C,;H. O requires: C, 85-0; H +’). The orange- 
vellow 2.4 frophenyihy ne, recrysta ed twice from ethanol-—ethyl acetate, had m.p. 209 213 
(Found: C, 65:2: H, § re res: C, 65-7; H, 5-8°%). Rechror itography of the 
mixed fracti me fave a inide ined oO 14 me 1717 cm ind tne cetylhexahydro- 
methylphe hrene (250 msg 
Ihe k ne was obt ed vield when pl phoric Oxide benzene was uscd 
rearrans € 
Onidat fv nis ( 
} \ on ol e ketone (XI: 23 me) anc tc cide (Cc 3s ) dry ethe 3 ml) and dry 
remo\ 100 duc eatk e te fur 5 ml) 
»00 Phe exc le was 
produc 2 ethe ectru cate ce of CO.H and 
12 meg 2857 hydic CH) d 1739<« (aldehydic and ester C--O groups) 
schill te 
S ‘ ex CS Cari ( ent K ere yn the 
aroxan us | ery K CoLlorauio ind OT tes 
Condensa f (Xl h ber 
The ketone (XI aI ted under refl ? vith be lehyde (0-08 ml) 
and potassiu yvdroxide (25 Ihe mw iw vith 
dil hydroc oric cid ith ether ihe vas ishe¢ \ Irated 
residue on deactivated a 25 ind el tt band h4:1 lig ¢ c benzene 
(135ml) e uv 3.4.9,10,11,12 12 f he en X\ 112 a 
yellow glass which, after drying SO” in va j 227, 297 my (log e 4-03, 4:20 respectively) 
(Found: C. 87:7: H, 7-4. ¢ H..O re C, 87°8: H, 7-4°%) 
Methylation of the unsaturated tone (X11) 
\ mixture of the ke e (XI 20 mg), met slide (8 ml) ul If | of a O'8 M solution of 
sodium Viale en | | ni Atte ion 4 
with wate! acidil ne p cra cnro tO phed tivated 
alumina (20 ¢ Elu th 9:1 t pe é é e (80 ) gave a ‘ one 
(140 meg) whic ifter ‘ obtained v oil, b.p. 115 sath) 0-05 mm. Ama. 
229 mu (ft 209) 1674 (Found: C, 85:2: H, 91. C,H.,O require ( 85-0: H, 9-0 
( H..O requires: C, 85:1 H, Attempts repare a 2,4-dinitrophenylhydrazone were 
unsuccs 
Similar results were obtained by the use ol pota um t-butoxide i t-Dulanol as Dasic reagent ; 
The ketone was unafiected i Ost qua titative recovery) Dv treatment with De ildehvde and 
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ions (108 me) from the previous chromatogram were rechromato- 


ai(lOQe) Elution with 4:1 light olet he ene (170 mil) 


graphed on “Grade H” an 
S2 mg) whi olidified slowly then 1:2 iif benzene ciuted more acetyl- 
ifter mt pe ) Atte filtra netroleum 
hrou 1a third rect lrom the same solve opropyl 
lel bie (XX: ) was obtaine plates, m.p. 114-115". (Found: C, 791; H, 87 
‘ ~ 
Imp the ester pre} rea trot ldel ro etic acid nfray 
j Correlation of the est XX) th Ghat che vide if 
t he 1) | ‘ l-alkali 
B een con 
R fer 
2 | ement 
W 1) ) k of ) 
{) \ ( |) | ) < 
( 0) S H S 


“QUEEN SUBSTANCE” 


A SIMPLE SYNTHESIS Ol 


ind Sir ROBERT ROBINSON 


H. JAEGER 
Lid., Egham, Surrey 


Abstract 


iclly acid 
(11) and (111) 


Callow an 
which 


reac hed 


av of 2-acetylcyclohexanone 


the corresponding acid chloride 


vy] chloride proved a less satisiactory reagent 


oxo-octanoy!l chloride (IVb) according to Rosenmund 


after purification, was condensed with malonic acid 


Doebner reaction. Crystallization of the resulting product 
(b.p. 40-60") furnished the keto-acid (II]) as transparent, 


184, 1871 (1959) 


15 (1960) 


Tetrahedrut 61. Pergamon Press Lid. Printed Northern Ireland 
Research Lab 
ik 27 Ja y 1961) 
IN December 1959 Butler, ¢ w and Johnston’ published data which indicated that ‘ 
“queen substan lly thiy acti iterial secreted in the mandibular 
it cit Cy the ac iopment irices inthe ACT 
bees and pr truction of n cells s structurally closely related to ot as 
cid (rr liv acid) | Int rpretation of the repro- 
1uced ct C { the conclusion that the su tance was either the 
ald U lec-2 icid (IL) or the is ric keto-acid (111), of which, on 
biog rounds, t e Il seemed somewhat the more probabk 
H 4 OOH OCH (CH.,) 
j 
H.).-CH<CH-COOH 
substance’ is fact, identical with t they synthesised from 
azelaic acid in ni teps. At about the same time Barbier and Lederer’ HE the 
same conc on as a result of their investigations of the natural product 
[he present c ication describes a much simpler synthesis of trans-9-oxodec- 
?-enoic acid (IIL) from the known 7-oxo-octanoic acid (1Va),° which is readily acces- 
sible fr evclohexanone and acetic anhydride by we.“ 
The acid (1Va) was converted in excellent yield intlo 
(IVb) b eal f oxalyl chloride; thio 
gave 7-oxo-octanal (V) which, 
under the conditions of the 
from ether-—light petroleum 
*UK.P ‘ 33 447 September, 1960). 
iC. G.B R. K. ¢ N.C. ie Nature, Lond. 
B B 40, 269 
Bar C. R.A 250, 3740 (1961 
‘A.B H.R Z.P ci 308, 284 (1957) 
"G.I. 3 R.H.J Sir Re Rot ‘ ] hed Letters No. 4, =i. 
*R. K. ¢ N.C. ton. Bee 41. 152 (196 
7M. B E.1 C.R. A s Paris 250, 44 1960) 
*R.C.H 15. T.A 1. Amer. Ch Soc. 66, 345 (1944) 
*H. Meerweir nd D. Vosse Py Cher 141, 149 (1934) 
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elongated plates, m.p. 53-54", raised by re-crystallization from the same solvent 


mixture to 54-5-55-5° (constant). Callow and Johnston® quote m.p. 45-52” for their 


synthetic product and m.p. 52-53-5° for the purified material from natural sources. 


CH,CO-(CH,),COR CH,CO-(CH,),CHO 


Re-OH Vv 
IVb, 


rhe acid (ILI) prepared in the above manner gave a positive iodoform test and its 


infra-red spectrum was consistent with the structure of “queen substance”: it formed 
a yellow 2,4-dinitrophenylhydrazone, m.p. 127-128". The assignment of the trans- 
configuration follows from the mode of synthesis."° 

After this work was completed we learnt that Barbier e7 a/."' had obtained the 


keto-acid (III), m.p. 51-54" by an elegant synthesis, starting from cycloheptanone. 


EXPEKIMENTAI 


Trans-9-O xode« solution of 
acl tion was 
ior 


complete the mixture 
l hr. | 


Iracti 


> 
eavent and soivent were removed under reaqucec pressure and the resiaque was 
f@emonated: the acid chloride (1Vb) tilled a colourles iid, b.p. 90-92°/0-25 mm (9-15 g 
87 yield). Its infra-red spectrum had strong band t 5-51 (COC!) and 5-81 (¢ O An experi- 
I 
; ment carried out under ir conditior thionyl chloride as the reage rave the acid chloride , 
én acid chloride (9-1 g@), « xylene (120 cc) 1 pallad yariu Ip l2¢of 5 re heated 
in bath at 150-166 while a vigorous stre i nyaroger iS Pass¢ y ed mixture 
Eve tion of hydroge C ride rtually ceased after 4 the reac xtur rapidly 
chilled, a little Celite ded the lids removed by filtratio After re ) I the vent under * 
reduced pres re cI re V) Vv € ouriess, 
fract t liquid. b.p. 62-64°/0-2 mm (4-1 g). The fra-red spect! ed neal 3-65 (aldehvdic 
C—H) and 5-79 compt! aldehydic and cC=0). 7 ke e gave persistently 
low va es for carbs tent cI oxyee ire ine 
Solutions of 7-ox t il (4-1 g) of ma Cc ac 3-3 Iry py : }cc each) were 
mixed at 0° and piperid ‘ 1? dy rhe ” ken 48 hr 
chilled and sl to ice-cold 50 | c acid (60 cc [he prod extracted with 
eu ne extrac SI ce wil lc I I C the { i ed After J 
remy of the s re de re d CT petroleum 
(b.p. 40-60 ) gave )-oxodec-2-en tr colo n. 53-54 
a 5.00 (cor rated ¢ ) 6-07 ed (¢ ( | ( 65-3 H ) Calc. for 
C,,H..0.: C. 65-2: H. 8-7%) 
crysi ed fr et p p 27-1 ( I N, 15-2 
C,,H.,.O,.N, requ C, 52-8: H, 5:5; N 
kK. \ \u { 432. 4 1923 
M. Barbier, E. Led Paris 251 
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Abstract 


[ ennae an alkaloid 


ARTHUR 1 from th 
7 1 is isomeric with sanguinarine 


avicine, whicl med 
hydroavicine (Il) and oxyavicine 


oxyavicine 


and w 
by synthesis ot 


ed 


(111) tt avicine | 
the tetralone (VIII) which had been 
in connexion with other work 


nitrile (V) which 


YsiIs OF 


Leucka 


vienediox' 


nethosulphate 


ive oxyavicine (II1), 


spectra) with a sample 


1! with lithium aluminiun 
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N. Vis 
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Tetrahedron, 1961, Vol. 14, pp. 322 to 325. Pergan cI agp 
Department ol 
( Rece ved 6 Va h 1961) 
Bu —The structure (1) assigned to the alkaloid avicine has be) a synthesis of 
VU 
CH HC 
N CH 
U 4 
N—CH 
~ 
R=¢ 
Condensation of acetopiperone with piperonal yielded 3,4:3’,4’-bismethylene- 
dioxvchalkone (IV). Addition of hydrogen cyanide gave the TE was 
hydro sed to the amidc (Vl)w ins uric acid | i! CT vdro| he amide with ‘ 
alkali vielded the corresponding Keto acid (Vil). Reduction with hydrogen and 
pal id arcoal in the presence of perchloric acid gave the substituted n-butvyric 
acid whic! is cyclized with phosphorus oxychloride to vield 1.2.3.4-tetrahydro-6, 7- 
(VIII) 
reaction on t afforded a separable mixture }.4-dihydro-6, 7-meth -2- 
(3.4-methvlenedioxypheny!)-nap! ene and the |-formamido derivative (IX). The 
forme! ym dehyadt vielded 6.7-methvlenedioxy-2-(3.4-methylenedioxy- 
phenyl)naphthaiene, 1c cal with an authentic sample made by the method ofl 
Gopinath « | lo imide was cyclized with phosphorus oxychioride tn toluene 
to 3.4.11.12-tetrahvdro-6,7 which 
was dehydrogenated to the benzophenanthridine (X). The (i of this 
hase. on oxidation th alkaline potassium ferricyanide, 
of the natural product. Oxyavicine has earlier been rai 
} hydride to dihydroavicine 
4 r W.H.H Che 400 19s 
1) | | ; 
ith, T. R. K.™ K. K. Purushothaman, J. Chem. S 1144 (1957) 


Synthesis of oxyavicine 


As e yf r 2 aryl-1-tetralone oxime acetates investigated in this 


laboratory," the oxime acetate (XI) made from the tetralone (VIII), on treatment with 


acetic acid. acetic anhydride and hydrogen chloride in a sealed tube, underwent an 


abnormal Schroeter reaction to furnish the substituted 9-methyl-1,2-benzophenan- 


thridine (XII) in excellent yield 


EXPERIMENTAI 


(lV) \ re o 
NaOH 


ae (10 ¢), 


iif > 
CIGHICG tO 


169-170° (Found 


1 ,2,3,4-Tetrahydr 1-meth phenyl »xonapathalene (VIL). The 


‘kK. W Gopina n 28, 241 (1959) 
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0 
U 
CH CH 
fe) 
0 
H.C 
4 
V .R=CN 
VI -R = CONH 
: VII R= COOH 
r 
O 
H.C 
NH 
OHC 
[x 
O 
CH CH 
H.C H.C 
N 
N-OCOCH 
R 4 
x H XI 
(10°6 g) etl ( SO ; treated 10 l4n ind left ernight. The : 
precipitated collected, washed with water a cI cetone to vield 
vell 174° C, 68° H, 3:8. C,-H,.O, requires: C, 68-9; H, 4-1°%) 
Bis(3.4-n ene henyly’-o (V) The chalk e s dissolved in 
DOI 2-ethoxye ol (70 ml) cont acetic 1 (2:5 ) 1 the § ferred quickly 
\ r bat reheated to 100° to prevent crys { of the chalkone. A f potassium ; 
cy de (5 g) er (91 \ ed { y during 3 mi the he a { ed for 
needles 141° C, 66°9: H C,.H,,.NO,; requires: C, ¢ H, 4-0 
Bis(3.4-me enyl)-y-oxobut yramide (V1). A solution of the nitrile (6 g) in acetic 
acid (42 ml) v ed vith conc H.SO, (¢ er yielded 
the amide (5-5 2) which crystallized from acetone as shining prisms, m.p. 164 Found: C, 63-7; d 
H. 4-4. C,.H,.NO, requires: C, 63:3; H, 4:4 
Bis(3.4-methylenedioxyphenyl)-'-oxol id (VID. A mixture of the ami 
; ethanol (100 ml) and eous sodium hydroxide (7 160 was refluxed for 7 hra fe 
vield the keto acid (8 Crys ition from ethanol gave colourless needles, m.p 
C. 62:8: H, 4-4. C,,.H,,O ( 3-2: H, 
4 
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keto acid (2 § acetic acid and perchloric acid 


ata press u 


catalyst 


and N. VISWANATHAN 


0-5 ml) was reduced with hydrogen 
The 


0-6 ¢) during 2 hr 


vst 
Water was added and the pro- 
Ilvent d stilled 

was heated 


ice and 


(70°, 
oF IDS at ow using palladized ¢ mrcoal ca 
was filtered off and the solvent removed under reduced p 
duct extracted with chiorol The orotorm extract was cdricc 
wo VK 3,.4-me vlenedioxyphenyl)butyric acid (1°38 as 
at 100 isn with pho oxvchioride (4 ml) The mixture was cooled, poured on 3 
the product extracted with ¢ ior The cl rolorm extract s washed with Na.CO, solution j ee, 
and the te dried (Na,SO,) gd the soivent removed 0 Chromatography of 
the residuc ene ove ed ihe fetraion (0-7 ric crysta red fron eu yl icetate 
ethano Lp. I 69-7 H, 4-¢ requires: ¢ 69-7 H, 4-5 
: (0-25 ml) and yhate (0-25 2), formic acid (0-25 ml) be ided every | hr. The mixture 
was cted with rotor The dried (Na.SO,) chloroform 
tio 4-dil 6.7-" i )-(3,4-n ale (0-2 ¢) which crystal- 
lized ccuk 225, 335 103, 4-04) { 13-7: H 
C,H,,O C, 735; H, 45 Further « the « th benzene and ther 
vith benzene cont c < namide (O Cr on fro col gave 
eedle 7° ( H C,.H.-NO, r C, 67-3: H, $0 4 
( H, 40. C,.H,.O ( 10: H, 4 The fra-red 
n d f 0 e (3 rhe 
pr eld the 
( ( H. 4-7 
- 
p ed R« e solvent 
5: H ( H 
\ ethe 
(0-4 ) | 20 
> 
f C, 68 H, 4-2. ¢ H,.NO C, 69-2: H, 
14 ‘ 
\ Vill yridine (4 
ccdle ( f H 4-4. ( H,.NO 
C. 665: H,4 TI cated water h acet hydride (2 


Synthesis of oxyavicine 


and pyridine (2 ml) and the solution left overnight at room temp. Dilution with water and crvstalliza- 
| 


tion of the product from ethanol gave the acetate (XI; 0-6 g) as prisms. m.p. 162 


2° (Found: C, 65-5; 
H, C. .H,,;NO, requires: C, 65-4; H, 


9-Methyl-6,7 : 2’ zophenanthridine (X11). A solution of the above 


a oxime acetate (0-5 g) in acetic acid (2 ml) and acetic anhydride (3 ml) was saturated with dry hydrogen 
k ¥ chloride at O and heated at 95—100° in a sealed tube for 8 hr. The contents were poured on ice and 
2 the brownish solid obtained was collected, washed with aqueous alcohol and basified with ammonia 

ae Crystallization of the prod ict [rom pyridine gave the benzophenanthridine (0-2 g) as needles, m p 

299°, 7 230, 280, 350, 365 my (log ¢ 4:35, 4-70, 3-55, 3-35) (Found: C, 72:5: H,4-1. ¢ eotHlygNO, 

requires ( 72°5: H, 39%) 
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